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i-ITitroso-2 ,2-di ( trifluorcaethyl )-I ,2-diazacyclopentan~4-cne 
3  ,3  ,7 ,7  ,-7etra(trifluoronethyi)-2  ,4  ,5 ,9-tetraazabicyclc 
[3.3.01  octane 

2,c-Dinitro-3  ,3  ,7 ,7-tetra(trifiucro!cethyl)-2  ,4  ,b  , 9 -t at raazab icyclo 
[3.3.0] octane 

2,4 ,S-frinitro~3 ,2 ," ,7  - 1  at  r  a  ( t  ri f luo  r cmet  hy 1 ) -2 ,4 ,6 ,3-tetraaza- 
bicycio‘3 .3 .0] octane 

2,4  ,6  ,8-Tetranitro-3  ,3  ,7 ,7  , - 1 et r a ( t ri fine rcitet I17 1 ) -2  ,4  ,6  ,3-tstra- 
azabicycio [3 .3 .01  cetane 

3-3enzamido-8 ,8-dibenzoyI-l ,3 ,5 ,c ,3-pentaazabicycic [3.2.2! nonane 
7  ^*3  ^ Vw*!,alri <10-1 ,3  t -a .yp.^y  r? ?’*'*'  tit. ~  ^  .~cnc~'rci2r3.~ £ 

1—  Benzoyl— 4— oenzanido— 1-— I ,2 ,4— triazoline 

2 ,7 -Dibenzoyl-4-benzamido-l  ,2 ,-  ,0  ,7 -tent aazab icyclo  [1.2.-!  non ar.e 
bis-Tetrazoio [l ,5-a:l ' ,5 !-c! pyrazine 
i,4-Dinitro-2 ,3  ,3  ,6-tetrabro:zo-2 ,3  ,5  , 6-piperazine 

1 .9- Diacetyl-3 ,5 ,7-trinitro-l ,3 ,3 ,7-tetraaza-?-oxancnane 

1 .9- Diacetyl-3 ,5 ,7-trinitro-l ,3 ,5 ,7-9-pentaazancnar.e 

2- Oxa-c  ,9-diaza— t  ,9-dinitrospiro [3.6!  decane 
l-Aza-3  ,5  ,7-trir.itroadasantane 

7 -ITitrc-5  ,6— iihydrc-7H-imidazoIo[l  ,2-d]  tetrazcle 


»  The  trinitro  and  tetranitro  tatraazabicyclo [ 3. 3*0 ! octanes 
examined,  compounds  D  and  2,  are  significantly  tore  dense  than 
had  been  predicted.  The  crystal  structure  analysis  shoved  that 
the  increase  in  density  is  due  to  intramolecular  crowding  rather 
than  extraordinary  packing  efficiencies  which  were  at  normal  values 
of  0.73  and  0.75  respect ively.VCft u (jl>c  i  1  • 
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(b)  3 ,3 ,7 ,7 ,-Tetra( trifluoromethyl)-2 ,U ,6 ,8- 

tetraazabicyclo [ 3.3.0] octane  . 

(c)  2,6-Cinitro-3 ,3 ,7 ,7-tetra(trifluoronethyl)- 

2 ,h ,6 ,8-tetraazabicyclo [3.3.0] octane  . 

( d)  2,4 ,6-Trinitro-3 ,3,7 ,7-tetra( trifluoronethyl)- 

2 ,4 ,6 ,8-tetraazabicyclo[3 .3.0] octane  . 

(e)  2 ,U ,6 ,8-Tetranitro-3 ,3 ,7 ,7 ,-tetra(trifluorcmethyl) 

2 ,h ,6 ,8-tetraazabicyclo(3.3.0] octane  . 

( f )  3-3enzamido-6 ,8-dibenzoyl-l ,3  ,5  ,6 ,8- 

per.taazabicyclo  [3.2.2!  nonane  . 

( g)  1,3 ,B-Tribenzamido-l ,3 ,5-hexahydrotriazine 

monohydrate  . 

(h)  l-Benzoyl-U-benzaraido-A^-l ,2 ,U-triazoline  . 

( i)  2 ,7-Dibenzoyl-U-benzamido-l ,2 ,1 ,6 ,7-penta- 

azabicyclo [l .2.1] nonane  . . 

( j )  bis-Tetrazolo[l  ,5-a:l' ,5 '-c]  pyrazir.e  . 

( k)  1 ,U-Dinitrc-2 ,3 ,5 ,6-tetrabromo-2 ,3 ,5  ,6-piperazine 

( l)  1 ,9-Oiacetyi-3 ,5 ,7-trinitro-l ,3 ,5 ,7-tetraaza-9- 

oxanonane  . . . 

(m)  1 ,9-Diacetyl-3 ,5 ,7-trinitro-l ,3 ,5 ,7-9- 

pentaazanonane  . 

(n)  2-0 xa-6,9-diaza-6, 9-dinit rospirof 3. 6] decane  . . 

(o)  l-Aza-3 ,5 ,7-trinitroadamantane  . . 

(p)  7-Nitro-S ,6-dihydro-7H-imidazolo[l ,2-d] tetrazole  , 

1.  Appendix:  Bond  distances,  angles,  and  coordinates  for 

FY85  crystal  structure  analyses  . 
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Synopsis  of  Results. 

Molecules  A  through  E  and  J  and  K  were  obtained  from  the  Naval 
Surface  Weapons  Center  (NSWC).  Of  these  A,  J,  and  K  are  either  unex¬ 
pected  reaction  products  or  synthetic  intermediates  which  were  pro¬ 
duced  in  their  energetic  synthesis  program.  Although  these  three 
compounds  are  not  themselves  energetic  materials,  the  identification 
of  their  structures  and  stereochemistry  may  aid  in  understanding  the 
mechanisms  of  the  reactions  involved,  and  thus  indirectly  further  the 
ONR  synthesis  program. 

The  series  of  tetraazabicyclooctanes ,  molecules  B  through  E, 
are  very  interesting  molecules  closely  related  to  bicyclo-HMX.  In 
fact,  compound  E  bicyclo-HMX  substituted  with  four  trifluoromethyl 
groups;  for  certain  applications,  E  may  prove  to  be  a  useful  explo¬ 
sive  or  fuel  without  further  modification. 

These  four  compounds  are  dense;  each  of  the  molecules  has  a 
density  greater  than  the  stable  form  of  HMX.  The  crystallographic 
densities  are  2.03,  1.98,  2.11,  and  2.18  gm/cm3  for  B  through  E 
respectively.  The  densities  of  D  and  E  are  anomalously  high  with 
respect  to  densities  derived  from  Holdens  (NSWC)  density  prediction 
program,  2.02  and  2.04  gm/cm3  respectively.  Examination  of  the  x-ray 
results  show  the  source  of  the  greater  than  expected  density  is 
intra-molecular  crowding,  not  unusually  close  packing.  All  of  the 
intenaolecular  contacts  -e  greater  than  the  usual  close-packing 
limit  (the  sum  of  the  van  der  Waals'  radii  of  the  atoms),  except  for 
a  rather  weak  NH***N02  hydrogen  bond  in  D.  The  packing  efficiency, 
which  is  the  actual  volume  of  the  molecules  in  a  cell  divided  by  the 
volume  of  the  cell,  is  near  0.75  for  most  crystals.  For  molecules 
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3  through  Z,  the  packing  efficiencies  are  0..3,  O.cr.  0.?3.  and  C. 
which  are  normal  to  low  values. 

The  particular  contacts  which  show  severe  crowding  are  she  ni 
contacts.  This  crowding  also  produces  a  number  of  distortions  ir.  t 
molecules  (see  table  below).  As  one  adds  nitro  groups  to  the  care 
compound,  the  bonds  to  the  nitro  and  C?7  groups  lengthen  and  the  >r 
angles  sharpen;  in  addition,  the  OF  7  group  torsions  deviate  by  aim 
from  a  staggered  configuration.  All  of  these  effects  3erve  to  ler.g 
the  ncr.-bonded  C77-nitro  distances;  however,  in  compound  Z  there  a 
still  12  contacts  which  are  extremely  short  (more  than  O.ll  below 
normal  van  der  Waals  separations ) . 

Selected  Bond  Distances .  .Angles,  ana  Torsions 
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217 

1.206 

7  .20' 

293 

7  .  ^10 
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•*  rs  O 

20  .■ 

•nal  contact 

3  makes  the 

syr.thet: 

.ns  s ..s...  causeu  -j  siioru  -u&.er aa..  cucuauus  uises  ;r.e  synuneu 
chemist ry  cf  bicycio-HMX  ana  ins  derivatives  very  difficult  and  ur. 
iictabie;  however,  this  internal  strain  adds  to  its  total  energy 


content,  and  makes  it  an  even  more  desirable  energetic  tar.net 


of  the  heterocyclic  compounds  produced  by  hydrazine/formaldehyde/ 
orthoformate  condensation  and  rearrangement  reactions.  The  specific 
aim  of  this  program  of  study  is  the  synthesis  of  a  "tri-hydrazine" 
analog  of  adamantane  [2 ,3 ,5 , 7 ,8 , 9-hexaazatricyclo(3. 3 . 1. 1^ )decane  ] . 
This  compound,  if  derivatized  with  nitro  or  nitramino  groups,  ia  expec¬ 
ted  to  be  a  dense  (d>2.1)  explosive.  Two  new  hetero-N  cage  compounds 
(F  and  I)  were  produced  in  FY85  by  Boyer  and  Kumar  and  their  structures 
were  characterized  by  our  x-ray  diffraction  analyses;  energetic  substi¬ 
tution  has  not  yet  been  accomplished.  Compound  G  is  a  precursor  hetero¬ 
cycle  from  which  F  and  I  were  made;  compound  H  is  a  minor,  lower  mole- 
cular  weight  product  formed  in  the  same  reaction  which  produces  I. 
Crystals  of  both  H  &  I  were  found  in  the  crystalline  reaction  product. 

Molecules  L,  M,  and  N  were  provided  by  C.  Coon  of  Lawrence  Liver¬ 
more  National  Laboratories.  Compounds  L  and  M  are  energetic  precursor 
molecules  whose  crystal  structures  were  done  primarily  to  corroborate 
their  structural  formulas.  Compound  N  is  a  new  energetic  monomer,  sim¬ 
ilar  to  3,3-bis(methylnitroaminomethyl)oxetane,  (BMNAMO).  BMNAMO  can  be 
polymerized  to  form  stable  energetic  homo-  or  co-polymers. 

Molecule  (0)  is  a  novel  monoazaadamantane  synthesized  by  A.  Nielsen 
of  the  Naval  Weapons  Center  (China  Lake).  Of  the  four  tertiary  carbons 
in  the  adamantane  cage,  three  are  nitro-substituted  and  the  other  is 
replaced  by  a  nitrogen  atom.  It  is  an  energetic  material,  but  its  den¬ 
sity  (1.604  mg  mm”*)  is  much  less  than  HMX;  further  nitro-substitution 
is  theoretically  possible  but  is  considered  to  be  unlikely. 

Compound  P  was  supplied  by  R.  L.  Wilier  of  Morton  Thiokol.  This 
energetic  molecule  has  the  property  of  decomposing  without  going 
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through  a  melt  phase. 

The  remainder  of  this  report  is  a  series  of  brief  technical  reports 
on  each  individual  molecule  and  the  x — ray  experiment  conditions. 
Fractional  coordinates  are  provided  for  those  intending  further  computa¬ 
tional  study;  these  are  'crystallographic'  coordinates  and  must  be 
converted  to  Cartesian  Angstrom  coordinates  for  some  programs.  Contact 
the  authors  ir  this  creates  a  problem.  3ond  distances  and  angles  are 
provided  for  all  molecules;  if  specific  torsion  angles  or  non-bcnded 
distances  are  required,  they  are  on  file  at  the  Naval  Research 
Laboratory  (NRL)  and  available  upon  request. 
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l-Nitroso-2 ,2-di ( trifluoronethyl)-! ,3-diazacyclopentan-h-one , 

C5K3N3°2f6 

Abstract 

Mr  =  251.288,  orthorhombic,  Pna2]_,  a  =  10.21^(2),  _b  =  10.986(3), 
c  =  7.6lU(2)A,  V  =  85li.'4(3)AJ  ,  2  =  U ,  Dx  =  1.952  mg  nn"3,  CuKa, 

X  =  1.5U1T8A,  U  =  2.12  mm-1,  FQ00  =  U96 ,  T  =  295K,  R  =  .0511  and  = 

.0609  for  52U  observed  reflections,  S  =  1.295.  Crystals  volatile,  sublime 
completely  in  a  day,  rapid  data  collection  used  to  obtain  unique  set  in 
three  hours. 

Experimental 

Clear,  colorless  needle-shaped  crystals  provided  by  W.  Kcppes  of 
the  Naval  Surface  Weapons  Center  (Silver  Spring,  MD) ,  grown  by  sublima¬ 
tion  at  90° C/200  mm  Kg.  Data  crystal  (0.10  x  0.20  x  0.70  mm)  centered 
on  25  reflections  with  33°<26<67°  to  obtain  refined  lattice  parameters. 
Nicolet  R3n  diffractometer  used,  incident-beam  graphite  monochromator, 

9/29  scans,  scan  width  =  (1.3  +  Aaia2)0,  29max  =  110°.  In  view 
of  volatility  of  crystals  and  scarcity  of  material,  rapid  data  collection 
used:  scan  rate  =  30° /min  for  all  reflections  (3  hours  for  1  unique  set 
of  data).  First  da.a  set  (-10<h<0 ,  0<k<ll,  0<£<8)  consisted  of 
696  observations,  of  which  36  were  monitors,  52k  were  unique  F0>3c(F0) 
and  59  unique  F0<3a(R0^*  Monitor  reflections  (00l,  620,  and  0k0; 
measured  after  every  60  reflections)  decreased  uniformly  from  100  to  37* 
of  their  original  values  (with  individual  variations  from  the  mean  of 
+k*»)  over  the  course  of  3  hours  collection.  Smoothed  curve  of  monitor 
decrements  used  to  correct  ail  data.  Second  octant  (+h,+k,+JE.)  collected 
subsequently,  monitors  decreasing  from  87“$  to  80*  of  original  values; 
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3  ,3  ,7 ,7-Tetra(trifiucroEethyl)-2  ,1  ,6 ,3-tetraazabicyclo! 3.3.0]  octane 


Abstract 

»  Mr  =  226.1-1,  acnociir.ic ,  P2/r,  a  =  10  .U3l(U )  , 
t  =  ”.C50(2) ,  c  =  25.779(lU)A,  and  3  =  SO.ScUJ.  M.P.  =  cb  c°. 

V  =  1395 .7(13)  A3,  0  =  6,  0X  =  2.029  as  na~2  ,  X(CuKu)  =  I.5U178A, 
u  =  2.326  =rl,  F(CCC)  =  UlO,  ?  =  295K,  Final  R  =  C.C53,  vR  =  0.056  for 


2292  independent  observed  reflections.  There  are  cne  and  a  half  aciecules  in  the 
asytnaetric  unit. 

Zxteriaer.tai 

Clear  0.35  x  C.22  x  0.15  =2.  crystal  crystallized  from  dig 012  at  5  C* , 
Automated  Uicoiet  ?.3n  diffractonetar  with  incident  beam  graphite  mono¬ 
chromator  X  =  !.?Ui73A(CuKa) ,  25  centered  reflections  vithin  30<2S<6c 
used  for  determining  lattice  parameters.  (Sin3/'X)=ax  »  Q.59^~^,  range  of 
hki:  0<h<ll,  0<k<3 ,  -20<1<3C.  Standards  60C ,  020,  OOl ,  monitored 

every  60  reflections  vith  linear  decrease  of  8.9f«  during  data  collection,  3/23  ted 
scan  vidth  (2.0  *  13102)°  *  scan  rata  a  function  of  count  rate  (3* /sin.  minimum, 
30a/min.  maximum),  36CI  reflections  measured,  3112  unique,  Rf_n*  =  0.025,  2291 
observed  Fo>3c(Fo).  Data  corrected  for  Lorentz,  polarization  and  absorption 
effects,  and  for  the  linear  decrease  in  monitored  intensities.  Structure  solved  by 
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Trrr 


K 


-  ^-Dinitrc-3  ,3  ,7 ,7-tetra(  tri f luoromethyl ) -2  .1  ,6 ,3_ 
tetraazabicyclof 3.3.01  octane 

Aostract 

C3Hii^0[1F’_2 »  Mr  =  ^7^.1^,  orthorhombic,  ?r.a2-i  ,  a  =  20.073(1), 

-  =  "*353(1) ,  c  =  10.332(2)A,  v  *  15?8.7(U)A3,  z  =  U ,  Dx  =  1.973  mg  m-3, 

X(CuKa)  =  I.5**178A ,  a  =  2.22  ms-A,  p(0C0)  =  526,  T  =  293K, 

-  .nal  ?.  *  O.Cc-i,  vR  =  0.089  for  1205  independent  observed  reflections. 

Experimental 

Clear  0 .10x0 .15x0 .05  mn.  crystal,  crystallised  from  CHgCI?/ hexane 
oy  T*.  Kcppes  of  Naval  Surface  Veapons  Center  (Silver  Springs,  Ma. ) . 

Automated  Sicolet  S3*  diffractometer  vith  incident  beam  graphite  mono- 
chronatcr  X  =  1.5ll7SA(CuKa) ,  25  centered  reflections  vithin  10<29<;6C 
used  for  determining  lattice  parameters.  Data  corrected  for  lorsntt  and  polarizati 
effects ,  hut  not  for  absorption.  (Si.tQ/X)^  =  o.cgA-i,  range  of  hid; 

-22<h<ll ,  -3<k<0 ,  12 .  Standards  001,  3C0 ,  C20 ,  monitored 
every  SO  reflections  vith  linear  variation  1.1%  over  data  collection,  3-29  cede, 
scan  vidth  (2.0  +  lai~2'*»  scan  rate  a  function  of  count  rate  (SVmin.  minimum, 

30  /mun.  maximum)  ,  2393  reflections  measured,  1263  unicue,  ~  C  r'21 

-—25  observed  “0>3o(;o) •  Structure  solved  by  direct  methods.  The 
least-squares  refinement  used  program  3HZLXTL  { Sheldrick  1980 ).  0  v(  j?oj-|Fc! }2 

minimized  vhere  v  •  1/{c2  ( | Fo ] )  +  g*(?o)2]  ,  g  =  0.CC03C  ,  293  parameters 
refined:  atom  coordinates,  anisotropic  temperature  factors  for  all  nor. -2  atoms, 
hydrogen  isotropic  temperature  factors  fixed  at  1.2  Uea(c).  (A/a)max  =  -0.012 
3  =  0.061,  vR  =  Q.0S9,  S  =  3.65.  Final  difference  Fourier  excursions  C.31 
and  -0 ,29eA--  .  Atomic  scattering  factors  from  International  Tables 
for  X-ray  C rystailo graphy  (IQ”!). 
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i  ,4  ,6-Trinitro-2  ,3  ,7 ,7-tetra(  trif lucromethy 1 ;  - 
2,h  ,S,5-tetraacabicycio[3.3.0l  octane 

Abstract 

C3K32J't05J?2  ,  Mr  =  521.13,  ncr.cciinic,  ?2]_/c,  a  =  6.990(6), 
o  =  19.0?C(2),  c  =  12.3^7(l)A ,  3  =  95  .36(1)*,  V  =  1S’4C.1(3)A2, 

Z  =  U,  Dx  =  2.110  mg  m"5,  \(CuKa)  =  I.5U178A,  u  =  2.25 

F(000)  =  1C2U ,  T  =  295K,  Final  R  -  O.OI9,  vR  =  O.07I  for  indetendent  2123 

observed  reflections. 


Experimental 

Clear  0.62x0.23x0.25  as.  crystal,  crystallised  froa  CH0CI0  /hex ar.e 
by  W.  Xcppes  cf  Saval  Surface  Weapons  Center  (Silver  Springs,  Md ) 
Automated  Ficclet  R3m  diffract oneter  vith  incident  bean  graphite  monc- 
chrcaator  X  =  1.5^173A(CuKa) ,  25  centered  reflections  vithir.  30<2S<60 
used  for  determining  lattice  parameters.  Data  corrected  for  Lorer.ts, 
polarisation,  and  absorption  effects,  (3in0/X)max  =  0.55A~“,  range  of  hi! 
-7<h<0 ,  0<h<19,  -13*1*12.  Standards  200,0  12  0,  0C6 ,  monitored 
ever;/-  60  reflections  vith  linear  variation  8.3*  over  data  collection, 

9-29  mode,  scan  vidth  (2.0  +  Aa;.a2)"»  scar,  rate  a  function  of  count 
rata,  (5*/min.  minimum,  3C°/ain.  maximum  ).  25c3  reflections  measured, 
2259  unique,  =  0.023,  2163  observed  Fc>3o\Fo).  Structure  solved 

by  direct  methods.  The  least-scuares  refinement  used  program  SEZLXTI 


(Sheldrick  1980).  Z  v(  J?oj-j?c| )2  minimised  vhere 
S  =  0.00023  ,  isotropic  secondary  extinction  value 
refined:  atom  coordinates ,  anisotropic  temperature 
atoms,  isotropic  temperature  factors  for  7.  atoms. 

R  =  0 . Gha  ,  vR  -  0.07*4,  S  =  2.77.  Final  difference  : 
and  -0.1?eA-2  .  Atomic  scattering  factors  from  In 


0.0019,  267  parameter: 
factors  for  all  r.cn-H 
(d/c)max  =  0 .2*4 , 
ourier  excursions  0.27 
err.aticr.a_ 


Crystallography  ( 197*4 ) . 


Tables  for  X-ray 


Trlnitro-3,?v7,7-tetra(trlfluoromethyl) 

l,6,8-tetraazabicyclo(3.3.0)octane 


d  ,-i  ,0  ,o-.enranitro-3  ,3  ,7  , ,  -netra!,  trifiucromethy.L;-2  .4.  ,6 ,2- 
tetraazabicycio [3.2.0] octane 


Abstract 


CgHo-^Og?^ ,  Mr  =  566.13,  nonoclinic,  C2/c,  a  =  3U.C7b(5), 


b  =  7.456(1),  c  =  13.377(2)A,  3  =  102.bl(i)°,  n.p.  =  110*2, 

7  =  2^43 .1(3  }A3  ,  z  =  8,  Dx  =  2.13b  mg  cm-3,  A(CuKm)  =  1.5M79A, 
b  3  2.U13  mar-,  ?(00C)  =222b,  7  =  2S5K,  Final  R  =  O.Obl,  vR  =  0.CS3  for 
2799  independent  observed  reflections. 

Experimental 

Clear  0.50x0.35x0.12  an.  crystal,  crystallised  frca  CRpOlo  /hexane. 
Synthesized  by  W.  Koppes  of  ITavai  Surface  Weapons  Center  (Silver  Springs,  Md.) 
Automated  Ilicolet  R2a  diffractometer  with  incident  bean  graphite  mono¬ 
chromator  a  =  1.5bl7-3A(CuXa) ,  25  centered  reflections  within  b5<29<9C 
used  for  determining  lattice  parameters.  Data  corrected  for  Lorentz, 
polarization,  and  absorption  effects,  ( 5in6/l)^x  =  0.59A”*-,  range  of  hkl: 
-10<h<38,  0<k<3 ,  0<A<15.  Standards  15  1  l,0bl,0  0  10,  monitored 
every  60  reflections  with  linear  variation  7.05  over  data  collection,  3-29  nod 
scan  width  (2.0  +  ">  scan  rate  a  function  of  count  rate  (  5°/ain.  minim: 

30*/min.  maximum) ,  2503  reflections  measured,  2830  unique,  =  0.012, 

2799  observed  Fo>2o(?o).  Structure  solved  by  direct  methods.  The 


.eas t-5C-ar®s  rs 


finement  used  program  SHZLX71  (Sheldricic  19tC ) .  2  w(]?o'-[?o'i 


minimized  where  w  =  l/fc2  ( j Fo j )  +  g*(?o)2]  ,  g  =  0.0CC20,  323  parameters 

refined:  atom  coordinates,  anisotropic  temserature  factors  for  all  ncn-2 


acorns,  isotropic  temperature  factors  for  H  atoms,  (l/a)ma;c  =  0.13, 

°  =  O.Cbl,  vR  =  0.063,  S  =  3.077.  Final  difference  Fourier  excursions  0.23 
and  -C.2beA-2  .  Atomic  scattering  factors  from  International  Tables 
for  X-ray  Crystallography  (197*0. 


1  -r.  -c.  -r. 


3-3enzanido-6  ,3-dibenzoyi-i  ,3  ,5  ,o  ,3-pentaazabicycio  ■  2  .2  .2!  nonane 
Abstract 

c25“23n€c3*  ;<r  ~  ^55.50,  mcr.cclinic,  ?2t_/c ,  a  =  11.323(3), 
b  =  l3.i6l(*),  c  =  U.952(5)A,  3  =  112.01(3),  V  =  2280.3(l0;A2 . 

2  =  U,  Dx  ■  1.32T  ag  mn"3,  A(Cu£a)  =  1.5^1731,  u  =  O.TOet"1, 

?(C00)  =  95o,  T  =  295K*.  Final  R  =  0.072,  wp.  =  C.C6i  for  12c9  independant 
observed  reflections. 


Ixnerinenta_ 


Clear  0.05x0. 02x0. 15 ca.  crystal,  crystallized  from  methanol. 
Synthesized  by  C-.  Susar  and  J.  Boyer  of  the  University  cf  Illinois  at  Chicago 
Auto nated  Nicolet  Ron  diffractOGeter  vith  incident  bean  graphite  mcnc- 
chrcmatcr  A  =  1.5^173A(CuKa)  ,  20  centered  reflections  within  25<23<3Q 
used  for  determining  lattice  paraGeters.  Data  corrected  for  Icrer.tz 
and  polarization  effects,  (SinQ/X)^.,  =  0.53A-1,  range  cf  hid: 

C<h<10,  0<k<19,  -12<1<11.  Standards  2C2,  0^0,  002,  =onitored  every 
c0  reflections  vith  randoa  variation  2.27?  over  data  collection,  3-23  node, 
scan  width  (2.0  +  Aclc2 ) *  ♦  scan  rate  a  function  cf  count  rate  (  2 ’/nr..  Gini 
30 */ai-i.  naxiann)  ,  25^1  reflections  measured ,  2263  unique,  R? r_^  =  0.C22, 

1269  observed  7o>3o(?o).  Structure  solved  by  direct  methods.  The 
least-squares  refinement  used  program  SHZLXTL  (Sheldriok  1980).  C  v(!?o!-!?c 


0  vnere  v 


=  i/Io2  ( | Fo j )  +  g*(?o)2;  t  g  =  0.0CC50  .  310  parameters 


refined:  atom  coordinates,  anisctrccic  temoerature  factors  for  ail  ncr.-R 


os  zncuuoec  us an 


-  —  »  '•*  —  -  •  7  -  M  , 


1.2  Ue».(c),  amine  hyd. 


names  .  ?.  ( 10 )  .  refin 


072,  vR  =  C.Ocl,  S  =  1 
l-j  .  Atomic  scatteri 


Crystallography  (i9"l) 


zoy 
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1 ,3  ,3- -ribenzamido-1  ,2  ,5-hexahydrotriazir.e  ncr.chydrate 

Abstract 

C2[.HsU!I6C2*H20,  M_  =  162.19,  mcncclinic ,  ?2jc. 
a  =  12.655(1),  b  =  lU. 721(2),  c  =  13.23?(2)A,  3  =  13T.25(l)°. 

7  =  2273.0(5)A3,  1  =  U,  D;<  =  1.291  ag  cmT3 ,  A(CuKu)  =  1.5H78A, 

G  ,?C9  =E-i,  ?(0C0)  =  976,  T  =  292K,  Final  E  =  C.Cl2,  vR  =  0.0^5  for 


4  = 


205^  independent  observed  reflections. 


Zxperinental 

Clear  0.03x0.25x0.20  as.  crystal,  crystallized  from  net  hand/ vat  er . 
Synthesized  hy  G. Kumar  and  J.  Boyer  of  the  Ur  It.  of  Ill.  at  Chicago. 

Automated  !Iicolet  ?.3m  diffractometer  vith  incident  bean  graphite  monochromator 
a  =  1.5^173  A(CuXa),  25  centered  reflections  vithin  27<29«;90  used 
for  determining  lattice  parameters.  Data  corrected  for  Lorentz  and  polarization, 
cut  net  absorption  effects,  (Sinr /X)_gy  =  0.57A~~,  range  of  hkl  : 

-ll<h<ll,  C<k<l6,  -15<A<0.  Standards  502,  106,  060  ,  monitored  every 
60  reflections  vith  random  variation  1.3*  over  data  collection,  9-29  mode, 
scan  width  (1.8  r  scan  rate  a  function  of  count  rate  (c’/min.  minimum. 

20"/min.  maximum),  llpo  reflections  measured,  279?  unique,  =  0.C11, 

3G5^  observed  ?o>2c(?o).  Structure  solved  by  direct  methods.  The 
least-squares  refinement  used  program  SHZLXTI  (Sheldrich  I9S0).  I  v(!Fo!-!FcI 


■  I  v 


j.GC023,  isotropic  secondary.' 


minimized  where  v  =  l/{o^  (;?oj)  +  g*(? o)2’  ,  z 

extinction  value,  0.C0272,  112  parameters  refined:  atom  coordinates, 
anisotropic  temperature  factors  for  all  ncn-H  atoms ,  isotropic  temperature 
factors  for  3.  ’l/c)  max  =  -C.G17,  ?.  =  0.0^2,  vR  =  C.Glp,  S  = 


-  \ .  ' 


hr.al  difference  Fourier  excursions  G.17  and  -C.15eA-3 


scattering  factors  from  International  Tables  for  X-ray  Crystallography 


1  ^-1 
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2 ,7-Dihenzcyl-l*- ber.zaaido-1 ,2  ,U  ,6  ,7-pent 


aanabicycio 'l .2 . - ; nonane 


Abstract 

C2eH2b^03 ,  Mr  *  U560I,  triclinic ,  PI,  a  =  9.195(1). 
b  =  11.1*57(2),  c  =  12.129(2)A,  a  =  39.77(2)  ,  3  =  72.79(l)  ,  and  y  =  76.52(1)'. 
V  =  ll3U.Q(U)A-  ,  2  =  2,  2X  =  1.279  mg  mm"3,  A(CuKa)  =  I.5-IT8A, 

U  =  O.67U  =20--,  F(0C0)  =  1*30,  T  =  295K,  Final  3  =  0.05c,  vR  =  0.05T  for 
21*21  independent  observed  reflections. 
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Experimental 

Clear  0.32  x  0.21  x  Q.CS  =23.  crystal,  recrystallized  from  ethanol. 
Synthesised  by  C-.  Kumar  and  J.  3oyer  of  the  Univ.  of  111.  at  Chicago. 

Automated  Nicole*  33  m  diffractometer  with  incident  bean  graphite  mor.c- 
chronator  \  =  1.5**173A(CuKa) ,  25  centered  reflections  within  39<29<£0 
used  for  determining  lattice  parameters.  Data  corrected  for  Lcrestz,  polarisation 
but  not  for  absorption  effects,  (Sin8/\)  x  =  0.5~A“-,  range  cf  hkl: 

-lG<h<£  ,-12<k<ll,  -13<A<3.  Standards  005,  CbO ,  520,  monitored  every 
£0  reflections  with  random  variation  5.-^  ever  data  collection,  3-29  mode, 
scan  width  (1.3  +  Aalo2)’»  scar,  rate  a  function  of  count  rate  (  3* /min.  minimum, 
30* /min.  maximum),  -1*1*3  reflections  measured,  3131  unique,  =  0.01c, 

2’-*21  observed  Fo>3o(?o).  Structure  solved  by  direct  methods.  The 
least-squares  refinement  used  program  SHELXTl  (Sheldrich  1980 ).  D  w( ! Fo j - ! Fc | )- 
minimised  where  w  =  i/[c2  (|Fo|)  +  g«(Fo)2’  ,  g  =  0.CCO23  ,  isctropic  secondary 
extinction  value,  0.0078  ,  31***  parameters  refined:  atom  coordinates, 
anisotropic  temperature  factors  for  all  ncn-H  atoms,  isotropic  temperature 
factors  for  H  ,  benzene  ring  hydrogens  included  using  riding  model,  0-7  = 

0.96A,  C-C-H  =  120.0*,  1.1  Uec(c).  (A/a)  max  =  -0.C03,  3  =  C.056, 

final  difference  Fourier  excursions  0.1*0  and  — C.'-'5  eA—o. 


0S7  F  =  "  =70 


w?.  =  0.057, 

Atomic  scattering  factors  from  International  Tables  for  X-ray  Crystallography  (l' 
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Dlbenzoyl-4-benzamido- 

‘,S,7-pentaazabicyclo(1.2.4)nonane 


;as-,.strasoio ; -  ,5-a:l  -c] pyrasine 


Abstract 


C^Hn'IS ,  Mr  =  l62.ll,  orthorhombic,  ?2i2-2i  , 
b  =  3.25^2(3)  ,  c  =  12.7lCl(ll)A,  V  =  6u2.3(i)A3,  z 
mg  asr-3,  X(CuKa)  =  I.3U178A,  y  =  1.33b  as-1,  ?(0C0) 
Final  ?.  =  0.0326,  vE  =  C.CUitO  for  110 6  independent 
-All  3?  the  ncn-hydrcgen  atoms  in  this  new  hetercarc 
within  C.OllA  of  a  common  plane. 


a  =  6.1155(5)  , 

»  h,  2X  -  1.671 
=  328,  T  =  295K* 
observed  reflections, 
mat ic  commcund  lie 


Fxserimentai 

Clear,  colorless  square  prisms;  data  crystal  0.15  x  0.15  x  0.55=m. , 
synthesised  &  crystallised  by  M.  Chaykcvsky  of  Zlaval  Surface  Weapons 
Center  (Silver  Spring,  Md.).  Automated  Micolet  R3m  diffractometer  with 
incident  beam  graphite  ncncchrcmator  A  =  1.5^17SA(CuKa) ;  25  cen¬ 
tered  reflections  within  43<29<75°  used  for  determining  lattice 
parameters.  Data  corrected  for  Lcrents  &  polarisation,  but  not  absorption 
effects,  (29) -rev  =  139'’,  range  of  hkl :  0<h<7, 

-15<A<15.  Standards  ICO ,  0^0,  0  0  1C ,  monitored  every  6 0  reflections 
with  random  variation  ±k%  over  data  collection,  9/29  cede,  scan 
width  (l.U  +  Iaia2^"’  scan  rate  a  function  cf  count  rate  (U*/min. 
minimum,  303/min.  maximum),  1976  reflections  measured  (incl.  97  monitors), 
HCfc  unique  (Friedel  pairs  not  merged),  =  0.0178,  no  reflections 

considered  unobserved. 


Structure  solved  by  direct  methods, 
used  program  SHZLXTL  (Sheldriok  19SC).  Z 


5n*si<ii“ss 

w( |Fo|-!?c! )2  minimised  where 


V  =  l/'c2  (!?o!)  *  g.(Fo) 2)  ,  z  ~  0 .000225, 
correction  atolied ,  lie  nanometers  refined: 


isotropic  secondary  extinction 
atom  coordinates  (all  atoms). 


r\  r* 


anisotropic  tenperature  factors  for  all  non-H  atoms,  H  atom  Uij'3  fixed  at 
anisotropic  values  predicted  by  rigid-body  vibration  analysis  of  non-H 
atoms,  (A/o)  max  =  0.005,  R  =  0.0326,  vR  =  O.OUUO,  S  =  2.25.  Final 
difference  Fourier  extrema  0.38  and  -0.28  eA~3  ,  Atomic  scattering 
factors  from  International  Tables  for  X-ray  Crystallography  (197^). 


l,**-Dinitro-2,3,5 ,6-tetrabromo-2 ,3 ,5 , 6-piperazine 


Abstract:  CgHg^OiiBri* ,  Mr  =  1*91.72,  triclinic,  PI,  a  =  7.517(3),  b  = 

7.566(2),  c  =  11.335(3)  A,  a  =  78.89(2),  S  =  77 .!*!»( 3) ,  r  =  6 3.31*(2)\ 

F(OOO)  =  1*56,  V  =  586.1(3)  A3,  z  =  2,  Dx  =  2.79  mg  am"3,  X  (CuKo)  = 

1.51*178  A,  u  =  170.96  cm-1,  T  =  295K,  final  R  =  0.069  for  I89I  unique 
reflections.  Asymmetric  unit  consisted  of  two  half-molecules.  Results 
showed  the  bromine  atoms  are  in  trans-trans  configuration,  and  are  all 
axial  with  respect  to  the  piperazone  chair-shaped  ring. 

Experimental:  Clear  colorless  0.23x0.15x0.08  mm  crystal  provided 

by  M.  Chaykovsky  of  the  TTaval  Surface  Weapons  Center  (Silver  Spring,  MD). 

Nicolet  R3M  diffractometer,  monochromator  on  incident  beam,  9-26 

scan  technique  with  a  constant  scan  speed  of  60*/min.  Unit  cell  parameters 

from  least-squares  analysis  of  25  reflections  with  29  from  1*7  to  95° . 

PI  checked  for  higher  symmetry  using  program  AIDS  (Mighell,  Hubbard  and  Stalick, 
1980),  2038  independent  reflections  with  29nax  =  130*;  three  standard 
reflections  measured  after  every  60  new  reflections  showed  an  average  random 
variation  of  3.0%  in  lE0|.  Dm  not  determined,  crystals  sank  in  CC^l  (d  = 

1.59  mg  raii'3),  Lorentz  polarization  corrections,  empirical  absorption 
correction  applied  (max.  trans  =  0.913,  min  trans  =  O.363).  Structure  solved 
by  direct  methods  (Karle  and  Karle,  1 966),  Br  atoms  found  in  E-map,  all  remaining 
non-hydrogen  atoms  in  a  difference  map.  Refined  by  full-matrix  least-squares, 
function  minimized  Ev(|?  -]F  j)^,  isotropic  secondary  extinction  correction 
applied.  Non-H  atoms  anisotropic,  H  atoms  in  calculated  positions  riding 
on  bonded  atoms,  1891  reflections  having  | F0 i >3 <?1  Fq |  refined  to  a  final  R 
factor  of  O.C69  (Rw  =  0.083,  S  =  3.0 ),  A/c^x  =  0.20,  final  difference  map 


29 


featureless  except  for  ripples  around  3r  atoms  (rax  height  -  1.76  1- 


Di3CU3Sion 


The  asymmetric  unit  for  this  compound  consisted  of  2  half- molecules 
located  cn  centers  of  symmetry  rather  than  one  full  molecule  in  a  genera 
position.  Hcvever,  there  are  no  significant  differences  in  the  conforms 
tiers  of  the  tve  molecules.  In  both  noiecuies  the  six-membered  ring  has 
slightly  flattened  chair  conformation  ar.d  the  "Co  group  is  ccplanar  vith 
71.  The  sun  of  angles  around  both  72  and  772  *  is  359*9.  Pairs  of  bromine 
atens  substituted  cn  adjacent  carbon  atens  cf  the  ring  are  trans  vith 
respect  to  one  another,  and  are  axial  vith  respect  to  the  ring.  Aaino 
nitrogen  atoms  substituted  vith  niiro  groups  are  usually  near  planar  in 
geometry.  In  this  molecule,  the  aaino  nitrogens  are  slightly  pyramidal, 
and  the  ritro  groups  both  bend  in  the  equatorial  direction  vith  respect 
the  ring.  Tver,  though  this  crystal  has  a  very  high  density  {dca^~  =  2.~ 
there  are  only  a  fev  close  interaoiacular  contacts:  a  3rl***3r2  approach 
3.59  A  and  a  3r2***C2'  act roach  at  3*28  A. 


1 ,9-Diacetyl-3  ,5  ,7-trinitrc-l  ,2  ,5  ,7-tetraaza-9-oxar.cr.ane 


Abstract 


73515^09,  Mr  =  253.25,  orthorhombic  Pbca,  a  =  12.1lO(2), 


b  =  9.695(1),  c  =  25.079(3)A,  a  =  3  =  r  =  $0.00*,  7  =  2G17.3(6)A3, 

I  =  3,  Dx  =  1.555  ag  mn"3,  X(CuXa)  =  1-5^17SA,  y  =  1.13?  mm'1, 

7(000)  =  1V72,  T  =  2952,  Final  ?  =  0.CS7.  vR  =  O.C?b  for  1U27  independent 
observed  reflections.  The  acetoxy  group  is  disordered  vita  an  occupancy 
of  57  and  ^3^  respectively  for  the  tvo  orientations. 

Clear  0.05  x  0.10  x  0.25  =m.  crystal  crystallized  from  nethyl  chloride. 
Automated  Nicolet  R3m  diffractometer  with  incident  beam  graphite  mono¬ 
chromator  A  =  1.5!+172A(CuKa) ,  25  centered  reflections  vithia  30<29<50* 
used  for  determining  lattice  naraseters.  (Sin 8/A)_0„  =  0.5bA~-,  range 
of  hkl:  -13<h<l,  0<k<10,  0<A<lb.  Standards  U00 ,  Obo ,  CC6 ,  monitored 
every  60  reflections  with  random,  variation  b.6%  ever  data  collect ion,  6/29  mode, 
scan  vidth  (2.0  +  ba^ao)#  ,  scan  rata  a  function  of  count  rate  (2* /min.  minimum, 
3C*/min.  maximum) ,  2732  reflections  measured,  2082  unique,  Rint  =  0.C2  ,  lb27 
observed  Fc>3c(Fc).  Data  corrected  for  Lcrentz,  polarization  but  not  absorption 
effects,  Structure  solved  by  direct  methods.  The  lease -squares  refinement 
used  program  SEZLX71  (Sheldrick  i960).  2  v( |Foi-jFcj )2  minimized  vhere 

v  =  l/(a2  ( j?o| )  +  g*(?o)2]  ,  g  =  O.OCCbO  ,  Secondary  extinction  value,  0.00C9. 
25c  parameters  refined:  atom  coordinates,  anisotropic  temperature  factors 
for  all  ncn-H  atom3  ,  H  atoms  included  using  riding  model,  C-H  =  O.96A, 

H-C-S  =  109.3*,  'J(H)=  1.2  7ea(c)  ,!U/c)  max  =  0.123,  ?.  =  C.C66, 
vR  =  O.O08,  S  =  1.3bl.  Final  difference  Fourier  excursions  0.28  and  -0.2-  eA~-. 
A.tcmic  scattering  factors  from  International  Tables  for  X-ray  Crystallography 
(19^0. 


l,9-DiACEm-3,5,7-TRiNiTra)-L3,5,7-- 


1 ,9-Oiacetyl-3  ,5  ."-trinitrc-l  ,2  ,5  ,7  ,9-pentaaoancnane 


Ah  a*  race 


Mr  =  252.17,  mcncclinic ,  P2j. ,  a  =  7.21*3(2;,  o  =  19.98 6v'U), 
c  =  1C.=92(2)A,  3  =  96.18(2)*,  7  =  1523. "(6}A3,  Z  =  U ,  D.,  =  1.520  mg  mm'2, 
X'OuKa)  =  1.5**173A ,  u  =  1.12  err1,  ?(0C0)  =  726,  7  =  295X.  Final  ?.  =  0.C3S 
vR  =  2. '25  -nr  290C  independent  observed  reflections.  There  are  two  independent 
molecules  in  the  asymmetric  unit. 


Clear  0.25  x  0.15  x  0.2*5  ntt.  crystal  crystallized  from  methyl  chloride 
Automated  >Iicoiet  R3m  diffractometer  with  incident  bean  graphite  monc- 
chrcaator  a  =  1.5**178A(CuiCa)  ,  25  centered  reflections  within  1*0<26<65* 
used  for  determining  lattice  parameters.  (SinS/X)^gY  =  C.6lA_~,  range 
of  hkl :-7<h<3  ,-2l*<h<0,  -12<Z<1  .  Standards  203,  08o ,  ccf ,  monitored 
every  6c  reflections  with  random  variation  1.1*5  over  data  collection,  6/29 
scar,  width  (2.0  f  laic2 ) *  »  scar,  rate  a  function  of  count  rate  (I’/nin.  sin: 
2Cs/'nin.  naxinun) ,  1*272  reflections  measured,  2982  unique,  R*--  =  0.027,  2S 
observed  Fc>2c(Fo).  Data  corrected  for  lorentz,  polarisation  and  abserttier 
effects,  Stricture  solved  by  direct  methods.  The  ieast-scuares  refinement 
used  program  SEZLICTL  (oheldrich  1980).  Z  w{  j  Fc  j  -  !  Rc  |  )  2  minimised  where 
v=  l/[ c2  ( ! F c i )  +  g«(?o)2]  ,  s=O.OOC2C. 

1*53  parameters  refined:  atom  coordinates,  anisotropic  temperature  facte 
for  all  ncr.-R  atoms,  amine  hydrogen  coordinates  and  isotropic  temperature 
factors,  ether  H  atoms  included  using  riding  model,  C-H  =  0  ,?6A  ,  angle 
H-C-H  =  109.5*.  1.2  L’,a  (c  ■ .  (if c)  max  =  3.1*0,  mean  =  0.03, 

R  =  0.028  ,  vR  =  0.01*5,  S  =  1.73".  ?ir.a_  difference  Fourier  excursions  0.1- 
and  — 0 .21 “A-o  .  Atomic  scattering  factors  from  International  Tables 
for  X-ray  0  — '•stallo  cranny  (1971'. 


i-6  ,9-diasa-o  , 9--iir.it respire  [2.6!  decans 


Abstract 


Cr512i'lu05  ,  Mr  =  222. 2C  ,  triclinic,  PI,  a  =  5.22S(l), 
b  =  6.1*20(2),  c  =  13.T6u(U)A,  a  =  91.0i*(2),  3  =  100.22(2),  ar.d  y  =  103.57 (2  )’, 
V  =  1+92 .0( 2)A-  ,  2  =  2,  Dx  =  1.5o7  ng  mm-3,  A(CuKa)  =  1.5-17SA, 
u  =  1.1CS  sr1,  F(CCO)  =  2Ua,  T  =  295JC,  Final  H  =  0.075,  vP.  =  C.075  dor 
37"  independent  observed  reflections. 


Clear  0.02  x  0.03  x  0.15  mm.  crystal  crystallised  from  ethyl  acetate. 

Ante  mated  ITicolet  R3a  diffractometer  with  incident  bean  graphite  mono¬ 
chromator  A  =  1.5^17SA (CuKa),  25  centered  reflections  vithin  22<23<75<> 
used  for  determining  lattice  paraneters.  (2ir.Q/.\)_a„  =  0.?3A"-,  range 
of  hil:  C<h<o  ,-"<k<7,  -15<A<15.  Standards  021,  200,  002,  ncr.itored 
event  c0  reflections  with  ra.ndon  variation  2.5*  over  data  collection,  3/25  node, 


scan  vi 


dth  (2.0  *  Aa->a2 )  *  ,  scan  rate  a  function  cf  count  rate  (o’ /tin.  minimum. 


20* /min.  maximum),  1362  reflections  measured,  1252  unique,  =  0.026,  377 

observed  7c>3c(?o).  lata  corrected  for  iorento,  polarisation  ar.d  absorption 


?ffects ,  structure 


solved  by  direct  methods .  The  least-scuars 


s  ret  tnemer.t 


used  program  SHZLXT1  (Sheldricx  198c).  0  v( | Fo ! - | Fc { )2  minimised  where 

v  =  1/fc2  (!?o|)  -*•  g*(7c)2!  ,  g  =  O.OCO63  ,  Secondary  extinction  value  0.CC22. 

lie  -a rometers  refined:  atom  coordinates,  anisotropic  temperature  factors 


far  all  ncr.-H  atoms  isotropic  temporal 


factors  fsr  H  atoms  H  atoms 


included  using  nidsn*?  modes,  C— 2  —  C.96++,  n— C— a  —  ,  L’ln.)-  +••*.  ^ec^2'-  , 


/  .  /  ___  _  a  .^1  "5  _  n  -  -O  ~  ,P  P**^  P  —  7  ^ll 


7?-  *- 


airier  exci 


r.  "\  /7  Q  '70  mi  2  *—  _j  ’'I'i  f  n  p  c  * 

■?  X  C  ll-  j-On«3  vV  »  _ _ /  J  •  3  y*  71*0  •  .-1  w  J1 - - 


International  Tables  for  7- ray  Crystallography  (1?~1) 


.-.v.v.  - ..  -  I 


1-Aza-z  ,5  ,7-trunitroadasantane 


Abstract 

CcHio-IkCo ,  Mr  =  272.22,  trigonal,  a  =  b  =  12.321(2),  a  =  5-927*, 
a  *  90. CO,  3  =  90. CO,  and  r  =  120. CO*,  V  =  3^5 .2('-*)A-  ,  2  =  2  ,  *  l.oOl 

mg  =ar3,  X(CuSo)  =  1.5^178A,  y  =  1.13  sm-1,  ?(CC0)  =  u2o ,  T  =  295K. 

The  cage  nitrogen  lies  on  a  three  fold  axis. 

Clear  0.13  x  0.08  :c  0.20  ns.  crystal.  Automated  Sicclat  32s  iif  f- 
ractoceter  vith  incident  bean  graphite  sonochrcsator  X  =  1.3^17SA(CnXa, 

20  centered  reflections  within  2C<29<50*  used  for  determining  lattice 
parameters.  (Sine/X),^  =  0.59  A--,  range  cf  eki:-15<h<12 , 

-l-<k<12 ,  -6<i<;0.  Standards  CO?,  220,  ~2C ,  monitored  every  c0  reflections 
vith  random  variation  3.55  over  data  collection,  3/29  rede,  scan  width 
(2.0  +  haia2^*  *  scan  rate  a  function  of  count  rare  (  2* /sin.  minimus, 

30* /sin.  maximum),  3016  reflections  measured,  1017  'unique ,  Rj_nt  =  3.035 
Data  corrected  for  Lorentz,  polarization  but  not  absorption  effects, 
Structure  solved  by  direct  methods.  The  least-squares  ref Irene nt 
used  program  SaZLXTl  (Sheldrick  i960).  £  v( |?o|-!?c! )-  minimized  where 

v  *  l/[c£  (|?o|)  +  g*(?o)2]  ,  g  =  0.CC06C. 

The  structure  analysis  is  net  yet  complete,  however,  atomic  assignme: 
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T-iTitrc-5  ,6-dihydro-7H-imidazoIo [l  ,2-d!  tetrazole 


Abstract 


CjHiiN^Cb,  Mr  =  156.11,  acnoclinic,  P2]_/c,  a  =  6.211(2), 
b  =  8.692(3),  c  =  11 ,661( 3 )A ,  3  =  1Q2.12(2) “ .  Decomposes  without  melt in?. 


7  =  6l5.2(3)A3,  2  =  4,  Dx  =  I.685  =5  =c~3  ,  X(CuXa)  =  1.5H73A, 


u  =  1.195  msr1,  7(000 )  =  320,  T  =  295K ,  Final  R  =  O.OUl,  vR  =  0.C60  for 


986  independent  observed  reflections.  The  compound  has  a  whole  moleculi 


disorder  with  a  12*  occupancy.  The  disordered  molecule  is  related  tc 


primary  molecule  via  a  pseudo  two  fold  axis  passing  midway  through 


5(7)-  C(8)  and  c(5)-C(6)  bonds. 


Experimental 


Clear  0.60  x  0.12  x  O.Gfi  mm.  costal  crystallised  from  acetone. 


Automated  Uicolet  R3n  diffractometer  with  incident  beam  graphite  mono¬ 


chromator  X  =  1.5**173A(CuKa) ,  25  centered  reflections  within  30<29<~3 


used  for  determining  lattice  parameters.  Data  corrected  for  lerentz  and 


polarization  effects,  (Sind A)  =  0.59A-1,  range  of  hhl: 


-7<h<0,  0<i<9,  -13<A<13 .  Standards  300,  ClC ,  CC6 ,  monitored 


every  60  reflections  with  random  variation  2.61  over  data  collection,  3/29  cede. 


scan  width  (2.0  +  iaia2'°  »  scan  rate  a  function  of  count  rate  (  1  * /min.  minimum, 
30*/min.  maximum),  12U3  reflections  measured,  IClo  unique,  =  C.011, 


986  observed  ?c>3e{?o).  Structure  solved  by  direct  methods.  The 


least-squares  refinement  used  program  SHZLXTL  (Sheldrich  198c).  D  w( ! 7o ; - ' 7c ' )2 


minimized  where  v  =  l/[o2  (|7o|)  +  g*(?o)2]  ,  5  -  0.CCC23,  13C  parameters 


refined:  atom  coordinates,  anisotropic  temperature  factors  for  all  r.cr.-H 


atoms,  isotropic  temperature  factors  for  H  atoms.  (l/c)  max  =  C.1C, 


R  «  3.CH,  wR  =  0.060.  S  =  2.657.  Final  difference  Fourier  excursions  3.1: 


and  -G.lU  eA-3  .  Atomic  scattering  factors  from  International  Tables  for 


X-ray  Crystallography  (l9rl). 
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Appendix  A 


This  appendix  list  atom  coordinates  in  a  fractional  or 
'crvstallograpic '  coordinara  system.  In  addition  tables  of  bond 
distances  and  angles  as  veil  as  tables  of  anisotropic  thermal 
parameters  are  provided.  The  alphabetic  labels  follow  those  given 


the  index 


TABLE  1  a  Acorn  coordinates  (xIO  )  and  tenperature  t  actors  { A*  x  1  U 


atom 

x/a 

y/b 

z/c 

•J 

eq 

N  (  1  ) 

2878(6) 

6381(6) 

5825(10) 

43(2)* 

C  (  2  ) 

2750(7) 

6  0  6  7  (  7  ) 

7668(12) 

38(3)* 

N  (  3  ) 

1436(6) 

5  5  48 (  8  ) 

7676(10) 

42(2)* 

C  (  4  ) 

837(7 ) 

5543(  7  ) 

6118(12) 

36(3)* 

C  (  5  ) 

1735(8) 

608  0 (  8  ) 

4754(13) 

44(3)* 

N  (  6  ) 

3908 ( 7 ) 

7050(7 ) 

5  3  3  6 (  1  2  ) 

53(3)* 

0(7  ) 

3875(6) 

7334(7) 

3  7  69 ( 1  1  ) 

66(3)* 

C  (  8  ) 

2802(8) 

7150(9) 

8882 ( 1 4 ) 

55(3)* 

C  (  9  ) 

3721 (8) 

5036(8) 

8144(15) 

49 ( 3  )  » 

0(10) 

-  2  4  4  (  5  ) 

5108(6) 

5841 (8) 

49(2)* 

8(11) 

2358(6) 

6372 { 6 ) 

1 0454 ( 8 ) 

81(2)* 

F(  1  2) 

3993(5) 

7593(5) 

9110(10) 

79(2)* 

F(  1  3) 

2091(5) 

8060 ( 5 ) 

8259 ( 1 1 ) 

85(2)* 

F  (  1  4) 

4  9  3  3 (  5) 

5409 ( 5 ) 

8169(10) 

76(2)* 

F(  1  5) 

3600(6) 

4122(5) 

7 0 5 7  (  1  0) 

83(3)* 

F  (  1  6) 

3442(5) 

461 0( 6) 

9  7  4  5 (  1  0) 

81(2)* 

Hn<  3) 

1 025(83) 

5432(82) 

8627 { 1 66) 

61(29) 

*  Equivalent  isotropic  U  defined  as  one  third  of  tne 
trace  of  tne  or thogona  lised  U  tensor 

ij 


TABLE  2a 

Bond 

lengths  (A) 

N(1 )-C{2) 

1 

.451(11) 

*1(1  )-C(S) 

1.461(11) 

N( 1 )-N(6) 

1 

. 337( 1 0) 

C  (  2  )  — N  (  3  ) 

1.457(10) 

C ( 2 )-C ( 8  ) 

1 

.  5  08 (  1  3) 

C ( 2 ) -C ( 9 ) 

1  .  5  49 (  1  2) 

N(  3) -CM  4) 

1 

.335(11) 

N ( 3 ) -Hn ( 3) 

0.847(1 16) 

C ( 4 ) -C ( 5 ) 

1 

. 507 ( 1 2) 

C ( 4 ) -0 (10) 

1.221(9) 

N( 6) -0( 7) 

1 

.233(12) 

C  (  8  )  -  F  (  1  1  ) 

1.315(12) 

C  (  8  )  -  F  (  1  2) 

1 

.326(10) 

C ( 8 ) - F ( 1 3) 

1.324(11) 

C ( 9 ) - F ( 1 4) 

1 

.  3  04 (  1 0) 

C  (  9 ) - F ( 1  5) 

1.307(12) 

C (9 ) -F( 1 6) 

1 

.336(13) 

TABLE  3a 

Bo  nd 

angles  (deg.) 

118.1(7) 

100.4(6) 

109.8(7) 

107.6(7) 

114.8(7) 

122.1(69) 

124.7(8) 

101.0(7) 

111.2(8) 

106.5(8) 

108.2(8) 

112.4(7) 

109.9(d) 

107.4(8) 


C(2>- 
C  (  5  )  - 
N  (  1  )  - 
N  (  1  )  - 
C(d)- 
C(2)- 
N(3)- 
C  (  5  )  - 
N  (  1  )  — 
C  (  2  )- 
CM  2  )  - 
r  (  1  2  i 
C  (  2  )  - 
CM  2  )  - 
8(15) 


N  (  1  )  - 
N  (  1  )  - 
C(2)- 
C(2)- 
C(2)- 
H  <  3  )  - 
C  (  4  )  - 
C  (  4  )  - 
M  (  6  )  - 
C  (  8  )  - 
C  (  8  )  - 
-CM  8  ) 
C(9)- 
C  (  9  )  — 
-  C  (  9  ) 


C(8  ) 

N  (  6) 

C(  8  ) 

C(  9  ) 

CM  9  ) 
Hn(  3) 
CM  5  ) 
0(10) 
0(7) 
8(12) 
8(13) 
-8(1  3 ) 
8(15) 

8  (  16) 
-F ( 1 6) 


114. 
1  26. 
1  1  3. 
110. 
114. 
121. 
1  09  . 
125. 
112. 
113. 
110. 
106. 
110. 
109. 
1  06. 


4(6) 
7(7) 
7(7) 
1(7) 
3(7) 
3(69) 
4(7) 
8(8) 
8(7) 
7(7) 
9(8) 
0(  7) 
7(8) 
5(7) 
8(7) 


C(2)- 
N(1)- 
NM  3  )  - 
^f  (  3  )  - 
C(2)- 
C(4)~ 
N(3)- 
Mili¬ 
ca)- 

F  (  1  1  ) 
8(11) 
C  (  2  )  - 
F  (  1  4  ) 
8(14) 


N  (  1  )  - 
C(  2  )  - 
C(2)- 
C(2)- 
N  (  3  )  - 
N  (  3  )  - 
C(  4  )  - 
C(5)- 
C  (  8  )  - 
-C(8) 
-C  (  B  ) 
0(9}- 
-C(  9  ) 
-  CM  9  ) 


N  (  6  ) 

W(  3) 

C  (  8  ) 

C  (  9  ) 

C  (  4  ) 

Hn  (  3  ) 
0(10) 
CM  4  ) 

F  (  1  1  ) 
-8(12) 
-8(13) 
8(14) 
-8(ld) 
—  8(16) 


o 


TABLE  4S 

Anisotro 

Die 

a  cure  r  ic 

tors 

{  A  X  10  i 

a;o  si 

U  .  , 

u-~ 

0,, 

U__ 

c 

U.  „ 

““ 

** 

33 

4.  -» 

n  (  n 

31(3) 

6  5(5) 

3  2(4) 

6(4) 

2(3) 

-17(3) 

c  ( ; ) 

2h(  4) 

5  2(5) 

3  b  (  o  ) 

2(4) 

-1(4) 

1(4) 

M  i  3  ) 

3  1(4) 

73(5) 

23(4) 

-3(4) 

-7(3) 

-12(4) 

C  (  4  ) 

3  4(4) 

39(5) 

34(5) 

-3(4) 

-2(3) 

-1(4) 

C  (  5  ) 

37(4) 

6  6(6) 

28(4) 

-9(5) 

3(4) 

-1(4) 

N  (  6  ) 

44(4) 

69(5) 

45(5) 

10(4) 

0(4) 

-6(4) 

0(7) 

6  1(4) 

3  9(5) 

4  9(55 

12(4) 

10(4) 

-12(4) 

C  (  8  ) 

5  0(5) 

5  5(6) 

5  9(6) 

-2(5) 

-2(5) 

-10(5) 

C  (  9  ) 

4  4(5) 

51(5) 

51(5) 

-2(5) 

-15(5) 

-4(4) 

0(10) 

34(3) 

78(4) 

34(3) 

-3(3) 

-9(3) 

-7(3) 

£■(11) 

99(4) 

1 12(5) 

3  3(3) 

- 

21(3) 

20(3) 

-26(4) 

F  (  1  2) 

59(3) 

90(4) 

87(4) 

- 

23(3) 

-7(3) 

-31(3) 

F  (  1  3  ) 

98(4) 

7  0(4) 

88(4) 

- 

13(4) 

-8(4) 

29(3) 

?(  1  4) 

32(2) 

89(4) 

103(5) 

23(4) 

-12(3) 

-3(3) 

?  (  1  5  ) 

88(4) 

55(3) 

96(5) 

- 

16(4) 

-13(4) 

3(3  ) 

F(  1  6) 

69(4) 

109(4) 

65(4) 

3  8  (  4) 

-4(3) 

10(3) 

The  Anisotropic  tte 

mperature 

factor  ex 

ponen 

t  takes 

the  form: 

7  ->  1 

u .  1  ;<  “  b  * 

“  T  ... 

T2iika*3*iJ 

12  } 

4 

TABLE  53 

Hy n  ro'jer. 

coo  r di na t 

e  s  (  x  1  0  ) 

a  nd 

temperature  ractors 

(  A"xl 

a  tom 

x/a 

y/b 

2 

/c 

’J 

H  (  5a  ) 

13  62 

6793 

422 

4 

5  3 

H  (  5  o  ) 

1947 

5499 

3d  3 

7 

5  3 

TABLE  lb  Atom  coordinates  (xlO  )  and  temperature  factors  (A2  xlCP  ) 


atom 

x  /a 

y/b 

2  /c 

0 

eq 

C(lx) 

7105(3) 

505(4) 

7247(1) 

44(1)* 

N(2x) 

5985(2) 

1662(4) 

7365(  1  ) 

48(1)* 

C(3x) 

5844(3) 

1846(4) 

7922(1) 

42(1)* 

N(4x) 

7099(2) 

1412(4) 

8137(1 ) 

52(1)* 

C(3ax) 

5532(3) 

3917(5) 

8044(1) 

51(1)* 

C( 3bx) 

4811(3) 

518(5) 

8128(1) 

57(1)* 

F(lx) 

4429(2) 

4464(3) 

7839(1  ) 

72(1)* 

F(2x) 

5481(2) 

4252(3) 

8550(1) 

73(1)* 

F(3x) 

6436(2) 

5065(3) 

7865(  1  ) 

83(1)* 

F(4x) 

3682(2) 

785(3) 

7901(1) 

80(1)* 

P(5x) 

4642(2) 

690(4) 

8633(1) 

92(1)* 

F(6x) 

5134(2) 

-1267(3) 

8042(1) 

97(1)* 

C(l) 

9188(3) 

5485(4) 

9432(1) 

40(1)* 

N(2) 

10493(2) 

6151(3) 

9293(1) 

40(1)* 

C(3) 

10620(3) 

5871(4) 

8738(1) 

42(1)* 

H(4) 

9338(2) 

5693(4) 

8520(1) 

49(1)* 

C(5) 

8412(3) 

5586(4) 

8929(1) 

42(1)* 

S(6) 

7662(2) 

7331(3) 

8997(1) 

44(1)* 

C(7) 

7545(3) 

7738(4) 

9544(1) 

42(1)* 

»(8) 

8602(2) 

6751(3) 

9795(1) 

44(1)* 

C(3a) 

11310(4) 

7537(5) 

8492(1) 

67(1)* 

C(3b) 

11386(3) 

4033(5) 

8663(1) 

56(1)* 

C(7a) 

7727(4) 

9856(5) 

9636(1) 

59(1)* 

C(  7  b) 

6260(3) 

7044(5) 

9757(1) 

57(1)* 

F(l) 

12385(3) 

7972(4) 

8721(1  ) 

126(1)* 

F(2) 

11514(2) 

7297(3) 

7998(1) 

97(1)* 

F(3) 

10568(3) 

9089(3) 

8526(1  ) 

109(1)* 

F(4) 

12586(2) 

4190(4) 

8830(1) 

97(1)* 

F(5) 

11440(2) 

3496(3) 

8167(1) 

69(1)* 

F(6) 

10856(2) 

2640(3) 

8922(1) 

95(1)* 

F<  7  ) 

7720(2) 

10333(3) 

10131(1) 

86(1)* 

F(8) 

8835(2) 

10437(3) 

9450(1) 

94(1)* 

F(9) 

6817(2) 

10886(3) 

9397(1) 

89(1)* 

F(  1 0  ) 

6125(2) 

7377(3) 

10257(1) 

82(1)* 

F(  1 1 ) 

6171(2) 

5173(3) 

9692(1) 

85(1)* 

F<  1  2  ) 

5266(2) 

7801(4) 

9514(1) 

96(1)* 

*  Equivalent  isotropic  D  defined  as  one  third  of  the 
trace  of  the  orthogonalised  U_  tensor 

1  j 


TABLE  2D  Bond  lennths  (A) 


C  (  1  x  2  x  ) 

1.432(4) 

C ( 1 x ) -C ( 1 xa ) 

1.531(6) 

C( lx)-N ( 4  xa) 

1  .  460  (4  ) 

M ( 2  x ) -C ( 3  x ) 

1 .447(4  ) 

C  (  3  X  )  -  N  (  4  x  ) 

1.452(4) 

C ( 3  x ) -C ( 3ax ) 

1  .  532  (  5  ; 

C  (  3  x )  -  C  (  3  n  x  ) 

1.528(5) 

■4  (4X)-C(  Ixa) 

1 . 460 ( 4  ) 

C  (  3  a  x )  -  F  (  i  x  ' 

1.325(4) 

C( 3ax)-F( 2x) 

1.317(4) 

C ( 3ax ; - F { 3  x ) 

1.329(4) 

C  (  3  Cx ) - F ( 4  x ) 

1.321(4) 

C(3bx)-F(5x) 

1.323(4) 

C{ 3hx)-F(6x) 

1.321(4) 

C ( 1 )-N(2i 

1.435(4) 

C ( 1 )-C ( 5  ) 

1.524(4) 

C(1 )-N(B) 

1.487(4) 

N (2 )-C( 3  ) 

1.447(4) 

C  (  3  )  -  N  (  4  } 

1 . 448(4  ) 

C ( 3  )  -C ( 3  a ) 

1.524(5) 

C(3)-C(3b) 

1.537(4) 

N ( 4 ) -C ( 5 ) 

1.470(4) 

C(5)-N(6) 

1.443(4) 

N  (  6  )  — C  (  7  ) 

1.448(4  ) 

C  (  7  )  -  si  (  3  ) 

1.451(4) 

C(7 )-C(7a) 

1.523(5) 

C(7)-C(7a) 

1.535(5) 

C(3a)-F { 1 ) 

1.321(4) 

C( 3a )-F( 2 ) 

i .  340(4  ) 

C(3a)-F(3) 

1.321/4) 

C  1  3  b )  -  F  {  4  j 

1.316(4) 

C( 3b)-F{ 5 ) 

1.319(4) 

C  (  3  b  >  -  F  (  S  ) 

1  .  334(4  ) 

era)-?  (7  ) 

1.299(5) 

1.304(4) 

C(7a)-F(6 } 

1.345(5) 

C  (  7  a )  -  F  (  9  ) 

C(7b)-F( 10) 

C  (  7  b )  -  F  (  1  2  ) 

1.325(4  ) 
1.333(4) 

C  (  7  b )  -  F  ( 1 1  ) 

1.317(4  ) 

TABLE  3b  Rond  angles  (nee.) 


N(2x)-C( lx)-C(lxa) 

106.0(3 ) 

C ( 1 xa) -C( 1 x ) -N ( 4  xa ) 

104.3(3  ) 

N  (  2  x )  -C  (  3  x )  **N  (  4  x ) 

104 . 9(2  ) 

N ( 4  x ) -C ( 3  x ) -C ( 3  a  x ) 

108.2(2  ) 

N  ( 4 :<)  -C  (  3 x)  -C(  3bx) 

111.8(2) 

C(3x)-N(4x)-C(lxa) 

110.3(2) 

C(3x)-C(3ax)-F(2x) 

112.5(3  ) 

C(3x)-C(3ax)-F(3x) 

110.3(3  ) 

r ( 2x)-C(3ax)-F(3x) 

107.6(3  ) 

C(3x)-C(3bx)-F(5x) 

112.7(3) 

C ( 3  x ) -C ( 3  bx ) -F ( 6  x ) 

110.0(3  ) 

F(  5  x)  -C  !  3  nx  )  -  r  (  o  :<) 

106.7(3  ) 

w  (2  )-C(  1  )-'■  (8  ) 

111.1(2) 

C(  1  )->.  (2  )  -  C  (  3  ) 

108.8(2  ) 

M ( 2  )  -  C ( 3 ) — C (3a) 

108.0(2) 

N  (  2  )  -  C  (  3  )  -  C  (  3  r> ) 

1  In .4 ( 2  ) 

C(  3a  )-C(  2  )-■:(  3  b) 

lil.313) 

C(  1  )-C(  5 

102.4(2  ) 

b  (4  )-C(  5  )-:»  (6  ) 

114.1(2  ) 

N(6 )-C(7 )-N(8 ) 

10".  4 (2  ) 

b ( 3 ) -C i ~ ) -C (7a) 

i  3  ) 

N(3 )-C(7)-C(7o) 

107.2(2) 

C  (  1  )-.'!(«  )-C(  7) 

107.0(2  ) 

C( 3 )-C( 2a) -F ( 2 ) 

112.0(3) 

C ( 3 )-C( 3  a ) - F ( 3 ) 

1  10.8(3  ) 

F(2)-C(3a)-F(3) 

106.5(2  ) 

C(3)-C(3o)-F(5) 

112.6(3) 

C(3  )-C(  3b)-P(6  ) 

1  0  u  .  2  ( 1  } 

F(5 )-C( 3b)-F' 5 ) 

106.5(3) 

C ( 7 ) -c ( 7  a ■ -  F '  3 ) 

1 08 . ? ( 3  ) 

C  (  7  )  -  C  t  7  a )  -  F  (  9  ) 

113.1(3} 

F  (  S  )  -  C  (  7  3  )  -  F  (  9  ) 

105.6(3) 

C ( 7 ) - C ( 7  - ) - F <  11) 

10<-.9' 3  ) 

2(7 )-C(7b)-r ( 12) 

113.1(3) 

?  (  11  )  -  C  (  ~  n  )  -  F  (  12) 

107.4(3, 

N { 2 x ) -C ( 1 x ) -N { 4  xa ) 

111.3(2} 

C { 1 x ) -N ( 2  x ) -C ( 3  x ) 

110.7(2) 

N(2x)-C(3x)-C(3ax) 

108.4(2) 

N ( 2 x) -C ( 3  x) -C ( 3  by / 

112.1(3) 

C(3ax)-C(3x)-C(3bx) 

111.1(2) 

C(3x)-C(3ax)-F( lx) 

112.5(2 ) 

F  ( 1  x }  ~C  (  3  a  x )  -  F  (  2  :< ) 

107.3(3) 

F ( 1 x ) -C ( 3  ax ) - F ( 3  x ) 

105.8(3) 

C ( 3  x) -C ( 3  bx ) -F ( 4  x ) 

113.0(3) 

F  (  4  x )  -C  {  3  bx )  -  F  (  5  x ) 

107.1(3) 

? ( 4  x ) -C ( 3  bx ) - r ( 8  x ) 

106.9(3) 

N(2)-C( 1 )-C(5) 

107.3(2) 

C ( 5 ) -C ( 1  )-M(9 ) 

104  .6(2) 

M ( 2  )  -C ( 3 ) -N ( 4  ) 

105.5(2  ) 

N  ( 4 )-C ( 3  >-C { 3a ) 

109.5(2) 

N ( 4  )  -C ( 3 ) -C ( 3  7 ) 

111.4(2) 

C(3 )-N (4 )-c< 5  ) 

109.4(2) 

C ( 1 ) -C (  5  )  -N • 4  ) 

1 1/5  .  "7  (  2  ) 

C  (  5  )-*';  (  6  )  -C  (  7  ; 

110.1(2) 

( 6  )  -c  (  7  )  -c  (  7  a ) 

110.1(3) 

N ( 6 ) -c ( 7 ) -c ( 7 b ) 

1 1 0  .  *  (  3  ;• 

C(7a)-C{7 )-C(7o) 

110.2(3) 

C(3 )-C(3a)-F( 1 ) 

113.4(3  ) 

F(l)-C{3a)-F(2 ) 

1  0  7 . 0  (  3  ) 

F(  1 )-C( 3a)-F(  3 ) 

106.7(3) 

C  (  3  )  -C { 3  b ) -F ( 4  ; 

113.4(3) 

F(4 5-C(3b)-F (5  ! 

107.4(3) 

F(4 )-C(3b)-F(6 ) 

107.1(3) 

C  ( 7  )  -  C  (  7  a  )  -  F  (  7  ) 

1 1  3  .  “  v  2  > 

F  <;  7  )  -  c  ( 7  a )  -  p  (  3  ) 

F ( 7 ) -C ( 7  a ) - F ( 9  ) 

1  0  9  .  *  (  2  ) 

C ( 7 ) - C ( 7  b ) - F ( 10} 

112.4(3) 

F(  10  )— C(7b)-F  (  11  ) 

107.4(3) 

F(  1  0  )  — C  (  7  b )  -  F  (  12) 

106.4(3) 

a- 


i -n *a\  r  V*’  ■  i  ■  ■  i  t~t' t  ■  1  ■  ,« ,, , 


V 


|J  >  I  «  'J 


F  .  -  -  —  '  — «  (Uw  i ,  -^7-i 


til 

TABLE  4b 

Anisotropic 

temperature  factors 

(  A2xl03) 

j 

atom 

D., 

u 

U 

U 

U 

U 

33 

23 

13 

12 

-i 

C(  lx) 

46(2) 

33(2) 

52(2) 

-8(1) 

KD 

-2(2) 

■ii 

N(2x) 

41(1) 

57(2) 

46(1) 

-7(1) 

-2(1) 

5(1) 

s, 

C(3x) 

37(2) 

44(2) 

44(2) 

KD 

0(1) 

-5(1) 

? 

N(4x) 

4  8(a) 

65(2) 

44(1) 

8(1) 

1(1) 

-0(1) 

C(3ax) 

50(2) 

50(2) 

54(2) 

-7(2) 

4(2) 

-4(2) 

C( 3  bx) 

50(2) 

59(2) 

64(2) 

2(2) 

3(2) 

-8(2) 

F (  lx ) 

72(1) 

62(1) 

82(1) 

-13(1) 

-15(1) 

21(1) 

F(2x) 

71(1) 

87(1) 

61(1) 

-29(1) 

-0(1) 

-1(1) 

V' 

F(3x) 

90(2) 

47(1) 

114(2) 

-4(1) 

29(1) 

-17(1) 

rmrr* 

F(4x) 

45(1) 

90(2) 

104(2  ) 

9(1) 

-5(1) 

-17(1) 

F(5x) 

89(2) 

117(2) 

70(1) 

16(1) 

18(1) 

-33(1) 

A 

N» 

^  , 

F(6x) 

87(2) 

43(1) 

161(2) 

8(1) 

22(2) 

-11(1) 

^  \ 

C(  1) 

43(2) 

34(2) 

43(2) 

3(1) 

-0(1) 

-6(1) 

iV 

N(2) 

40(1) 

41(1) 

38(1) 

-3(1) 

KD 

-9(1) 

L 

C  ( 3  ) 

46(2) 

40(2) 

40(2) 

-KD 

3(1) 

-5(2) 

| 

N(4) 

46(1) 

60(2) 

40(1) 

-11(1) 

-2(1) 

-0(1) 

C  (  5  ) 

40(2) 

38(2) 

47(2) 

-5(1) 

-5(1) 

-8(1) 

N(6) 

45(1) 

48(2) 

40(1) 

-0(1) 

-3(1) 

3(1) 

C(7) 

42(2) 

41(2) 

41(2) 

KD 

-KD 

-2(1) 

■  . 

N(8) 

45(1) 

51(2) 

37(1) 

KD 

KD 

0(1) 

C(3a) 

89(3) 

56(2) 

57(2) 

5(2) 

9(2) 

-22(2) 

C(3b) 

54(2) 

63(2) 

51(2) 

-7(2) 

4(2) 

4(2) 

r- 

C  (  7  a  ) 

73(2) 

46(2) 

58(2) 

-3(2) 

5(2) 

-1(2) 

^  * 

C(7b) 

50(2) 

61(2) 

61(2) 

4(2) 

2(2) 

1(2) 

* 

F  (  1  ) 

113(2) 

159(3) 

105(2) 

29(2) 

-13(2) 

-97(2) 

F  (  2  ) 

142(2) 

95(2) 

56(1) 

10(1) 

32(1) 

-34(2) 

w*. 

i 

F(3) 

174(3) 

48(1) 

106(2) 

18(1) 

28(2) 

-13(2) 

1 

F  (  4  ) 

62(1) 

140(2) 

87(1  ‘ 

-31(1) 

-20(1) 

34(1) 

k 

F  (  5  ) 

68(1) 

82(1) 

57(1) 

-22(1) 

KD 

14(1) 

F  (  6  ) 

143(2) 

43(1) 

102(2) 

7(1) 

46(2) 

16(1) 

k"„ 

F  (  7  ) 

126(2) 

67(1) 

64(1) 

-26(1) 

-0(1) 

-5(1) 

V 

F(8) 

100(2) 

58(1) 

123(2) 

-14(1) 

32(1) 

-35(1) 

91 

F(9) 

125(2) 

49(1) 

92(2) 

-2(1) 

-11(1) 

26(1) 

■ 

F  (  1  0  ) 

70(1) 

118(2) 

60(1) 

-3(1) 

21(1) 

-10(1) 

J-l 

F  (  1 1  ) 

75(1) 

71(1) 

110(2  ) 

-3(1) 

27(1) 

-30(1) 

v 

F  (  1  2  ) 

46(1) 

139(2  ) 

103(2) 

30(2) 

-2(1) 

8(1) 

^1"  The  anisotropic  temperature  factor  exponent  takes  the  form: 

^  -2-2  (h2a*  nj  fk2b*2U0,  f  .  .  .  f2hka*b*Uin  ) 

1  J  ■**  “  *“**  ■*■** 


TABLE  5b  Hydrogen  coordinates  (xlO"1)  and  temperature  factors  (A^xlO3) 


< 

atom 

x/a 

y/b 

z/c 

U 

eq 

H  (  1  x ) 

6850(22  ) 

-735(19) 

7134(9) 

36(7) 

H(2x) 

5308(29) 

1202(45) 

7254(11) 

83(10) 

•• 

H  (  4  x  ) 

7042(27) 

783(4  1  ) 

8389(10) 

65(9) 

H(l) 

9247(22) 

4213(17) 

9569(8) 

37(7) 

r. 

| 

H  ( 2  ) 

10568(27) 

7460(41) 

9393(10) 

70(9) 

H(4) 

9216(27) 

4758(41) 

3293(10) 

71(9) 

\» 

H(5) 

7889(19) 

4493(23) 

8862(9) 

35(7) 

y 

8(6) 

6919(24) 

7275(37) 

8853(9 ) 

52(8) 

V 

H(8) 

8435(25) 

6175(39) 

10078(9) 

57(8) 

I 

S 


a5 


y.v}vv-  .•••'•  v 

ttafUtlUl-il.  if.  1.  .  ■  ■  f-  1-  ■ 


TABLZ 

1 C  Atom  coo 

ramates  ( :<  1  0 

)  and  tenperat 

are  f  ac 

atom 

x/a 

l'/b 

z/c 

ec 

C  {  1  ) 

9012(3) 

3  0  7  9  (  9  ) 

2432 ( o ) 

5  0(2; 

'M2) 

9  296 ( 2 ) 

3212(5) 

2433(5) 

49(2) 

Cl  3) 

7  8  5  6  {  3  ) 

1515(7) 

2074(b) 

4  7(2/ 

M  <  4  ) 

6433( 3 ) 

303(7) 

2293(7) 

6  6  i  2  ) 

2  £  5  1 

9  1  0  3  (  3  ) 

1040(3) 

2570(6) 

5  1(2) 

:J  (  6  ) 

9304(3) 

941(7) 

3909(6) 

5  2(2) 

C  (  7  ) 

9  5  6  S  (  3  ) 

2632(3) 

4379(7) 

49(2) 

N  (  3  ) 

9336(4) 

3  3  6  3  (  7  ) 

3462(3) 

3  2(2) 

11(2'  ) 

6025 ' 3 ) 

4383(6) 

2107(7) 

6  0(2' 

0(2  a  ) 

6  4  2  5  (  3  ) 

6151 ( 6 ) 

2076(7) 

3  2(2) 

0  (  2  n  ) 

7  4  3  3  (  3  ) 

5022(7) 

1931(3) 

9  3(3! 

N  (  5  1  ) 

9533(3) 

-731 ( 3 ) 

4236(7) 

70(2) 

0  (  6a  ) 

9424(3) 

-1  9  9  0 (  5  ) 

3539(6) 

7  7(2) 

0  (  6  0  ) 

9311(4) 

-  3  1  6  (  3  ) 

5286(7) 

107(3) 

C  {  3a  ) 

7  3  5  4 (  4  ) 

1042(11) 

2831(9) 

30(3) 

C!  jo) 

7  76  6 (  4  ) 

1334(11) 

685(3) 

70(3) 

C(  7a) 

9  2  5  4  (  5  ) 

3136(15) 

5640(10) 

10  0(4) 

C  (  7  b  ) 

10332(4) 

2760(11) 

4425(10) 

73(3) 

?<  1  ) 

6330(4) 

1977(3) 

2  6  9  6  (  1  3  ) 

2  13(7) 

?(  2  ) 

7136(2) 

-663 ( 6 ) 

2737(5} 

38(2) 

r  (  3  ) 

7545(5) 

1136(11) 

4063 ( 7 ) 

17  1(4) 

?  (  4  } 

7223(4) 

2193(10) 

379(3) 

15  3(2) 

?(  3  ) 

7727(3) 

-231(7) 

335(5) 

101(2) 

r  (  6  ) 

6256(5) 

2161(12) 

49(6) 

164(4) 

Ft  7  ) 

9232(4) 

4815(3) 

5931(7) 

13  6(2) 

2(8  ) 

3  5  9  6  (  4  ) 

301 9( 1 2) 

5  5  4  6 (  1  0) 

13  6(5) 

?(  9) 

9437(7) 

21  21  (  1  1  ) 

6533(3) 

2  0  2(6) 

?(10) 

10529(3) 

4  3  99 (  7  ) 

4413(d) 

113(3) 

7(11) 

10560(3) 

1954(10) 

3459(11) 

173(4) 

7(12) 

10601(3) 

2047(3) 

5397(9) 

151(4) 

»  Equivalent  isotropic  U  defined  as  one  tnirc  of  one 
trace  of  one  orthogonaiised  U ;  tenser 


TABLE  2 C  Bond  lengths  (A) 


C  (  1  )  -  N  !  2  ) 

1 

.  440(  3  ) 

(2(1)  -2  (  5  } 

1  .  5  1  7  ( 

a  ) 

a  i )  -  n  ( a ) 

1 

.414(10) 

S  (  2 ) -C ( 2  ) 

1  .  4  7  4  ( 

7  , 

:j  (  2  )  -  M  (  2  ’  ) 

1 

.393(6) 

2(3)- M ( 4 ; 

1  .  40  2  i 

6  i 

■2(2)  -C  (  3a  ) 

1 

.532(11) 

C( 3 /-€( 3o) 

1  .  5  5  5  ( 

1  1  ) 

X ( 4 ) -C ( 5 ) 

1 

. 390(3) 

<2  (  5  )  -N  (  o  ) 

1  .  5  07! 

9 : 

M  (  6  )  -  C  (  7  ) 

1 

.443(3) 

M  (  6  )  -  M  (  6  ’  ) 

1  .  3  78  ( 

8  ) 

C  (  7  )  ->1(  3  ) 

1 

.421(10) 

2  (  7  )  -  2  (  7  a  ) 

1  .  5  4  7  ( 

1  3  ; 

C  (  7  )  -  C  (  7  d  ) 

1 

.542(9) 

N  (  2  *  }  -  O  (  2  a  ! 

1  .  2  2  0  ( 

7  i 

N  (  2  •  )  -  0  (  2  a  ) 

1 

.206(9) 

N  (  6 ’  ) -O ( 6a ) 

1  .  2  1  6  ( 

5  \ 

(■«’  (  b  ’  )-0(6o) 

* 

.216(11) 

C  (  3  a  )  -  V  (  1  ) 

1  .  2  7  2  ( 

1  1  ) 

C  (  3a  )  -  ?  (  2  ) 

- 

.311(9) 

C  (  3  a  i  -  F  (  3  ) 

1  .  3  47  v 

1  3  ) 

2  (  3  d  4  ) 

1 

.  2  7  7  (  1  1  ) 

\  3d)—  r  (l/ 

1 ,233( 

9  ' 

c  ( 2  n  6 ) 

■> 

.331(12) 

2  (  7  a  )  -  F  (  7  ) 

1  .  3  0  4  ( 

1  2  ) 

2  (  7  a  )  -  ?  (  8  ) 

1 

.327(12) 

C  1  7  a  )  -  ?  (  9  ) 

1  .  2  7  9  ( 

1  4  ) 

c ( 70  :  i  o) 

1 

.269(9) 

C  (  7  b  )  -  r  (  1  1  ) 

1  .  28  7( 

*■  4  ) 

C(7ai-?(12) 

1 

.  294(1  3  ) 

a6 


TABLE  3C  bond  anqlas  (deq.  ) 


N ( 2  )-C ( 1  ) -C( 5 ) 

100.8(4) 

C  <  5 )-C (  1  )  -N ( 8) 

105.7(3) 

C (  1  )-N ( 2  )-N  (  2  '  ) 

1  1  b  .  8  (  4  ) 

N ( 2 )-C ( 3 )-N ( 4) 

98.3(5) 

N{ 4 )-C( 3 ) -C ( Ja  ) 

1 10.7(6) 

N(4) -C ( 3 )-C( 30) 

1 08. 0( 6) 

C ( 3 ) -N ( 4 ) — C ( 5 ) 

117.6(5) 

C(  1  )-C( 5 ) -N (6 ) 

100.1(3) 

C ( 5 ) -N ( 6 ) -C ( 7 ) 

113.3(5) 

C ( 7 ) -N ( 6 ) -N ( 6 1 ) 

122.7(b) 

N ( 6 ) -C( 7 ) -C ( 7a ) 

1 11.8(6) 

N ( 6 ) -C( 7 ) -C ( 7b) 

115.3(5) 

C ( 7a ) -C ( 7 ) -C (7b) 

1 11.0(7) 

M ( 2 )-N  (  2 •  ) -0 ( 2a ) 

1 14.8(6) 

0 ( 2a ) -N ( 2 '  )  -0 ( 2b ) 

125.3(5) 

N  (  6  )  - N ( 6  '  )  -0 ( 6b ) 

117.6(6) 

C( 3 )-C( 3a ) -F( 1 ) 

116.1(8) 

F  (  1 )-C ( 3a) -F( 2) 

106.6(7) 

F ( 1 )-C( 3a )-F( 3 ) 

110.1(10) 

C ( 3 ) -C ( 3b)-F(4) 

115.5(7) 

F ( 4 ) -C ( 3b ) -F ( 5 ) 

108.4(7) 

F( 4 ) -C( 3b) -F( 6 ) 

106.9(8) 

C  (  7  )  -C  (  7  a  )  -  F  (  7  ) 

1 10.7(8) 

F ( 7 ) -C ( 7a ) -F( 8 ) 

106.9(9) 

F(7)-C(7a)-F(9) 

107.9(9) 

C ( 7 ) -C( 7b) -F{ 1 0) 

111.7(6) 

F(10)-C(7b)*F( 1 1 ) 

108.6(8) 

F ( 1 0)-C( 7b) -F( 1 2) 

1 05.2(8) 

M ( 2 ) -C (  1  ) -N ( 8 ) 

115.4(6) 

C (  1  ) -N ( 2 ) -C  (  3  ) 

113.8(4) 

C  (  3 ) -N ( 2 ) -N ( 2  1  ) 

120.0(5) 

N  (  2  )  -C  (  3  )  -C  (  3a  ) 

1 14.0(6) 

N  (  2  )  -C ( 3 ) -C (3b) 

115.0(3) 

C ( 3a) -C ( 3 ) -C ( 3o  ) 

110.1(6) 

C (  1  ) -C ( 5 ) -N ( 4  > 

104.9(5) 

N ( 4 ) -C( 5 ) -N ( b) 

115.4(6) 

C ( 5 ) -N ( 6) -N  (  6  '  ) 

114.8(5) 

N  (  6) -C( 7 ) -N ( 8 ) 

100.7(6) 

N ( 8 ) -C ( 7 ) -C ( 7a  ) 

109.5(6) 

N ( 8 ) -0 ( 7 ) -C ( 7b ) 

107.9(6) 

C  (  1  ) -N ( 8 ) -C ( 7  ) 

116.1(5) 

N ( 2) -N ( 2  '  ) -O ( 2b) 

1 19.9(5) 

N ( 6 ) -N ( 6  '  ) -0 ( 6a  ) 

115.5(7) 

0 ( 6a ) -M ( 6  '  ) -0  <  6b ) 

1 26. 8(6) 

C( 3 ) -C ( 3a) -F( 2 ) 

110.7(7) 

C( 3)-C<  3a) -F( 3) 

107. 6( 7) 

F  (  2 ) -C ( 3a ) - F ( 3  ) 

105.2(8) 

C(  3)-C( 3b)-F{5) 

111.1(6) 

C ( 3 ) -C ( 3b ) -F( 6  ) 

107.0(6) 

F  (  5 ) -C ( 3  b ) - F ( 6  ) 

107.5(7) 

C(  7 ) -C ( 7a ) -F ( 3 ) 

108.5(9) 

C( 7 ) -C ( 7  a ) - F ( 9 ) 

114.6(9) 

F( 8 )-C( 7a) -F( 9  ) 

107.9(11  ) 

C( 7 ) -C ( 7b) -F ( 1  1  ) 

107.5(7) 

C  (  7  )  -C  (  7  Q  )  -  F  (  1  2  ) 

114.7(8) 

F( 1 1 >-C(7b)-F( 1 2) 

109.0(8) 

i  BL  Ci 

4C  Aniaotrop 

ic  tempera 

tore  factors  (  A  “ 

x  1 

0J  ) 

a  t on 

U  U 

U 

u 

" 

-- 

12 

C  (  1  ) 

5  6(3) 

38(3) 

5  6(4)  1  1  ( 

3  ) 

-7(2) 

-4(3) 

M  {  2  ) 

5  4(3) 

13(2) 

74(3)  - 1 ( 

2  ) 

-10(3) 

-2(2) 

C(  3  } 

5  8(4) 

2  6(2) 

57(4)  2 ( 

3  ) 

-7(3) 

-7(2) 

N  (  4  } 

c  4  (  3  ) 

3  9(3) 

96(5)  -1  0( 

3  ) 

-29(4) 

3(2) 

CCS) 

5  5  (  4  ) 

4  0(3! 

5  9(4)  -  5 ( 

3  ) 

-10(3) 

11(3) 

N  (  6  ) 

6  4(5) 

42(3) 

5  1(3)  6  ( 

2  ) 

-17(3) 

2(2) 

C  (  7  ) 

48(3) 

27(2) 

61(4)  -4 ( 

3  ) 

-12(3) 

3(3) 

n  ( a ) 

1 15(6) 

2  8(3) 

104(5)  1 ( 

3  ) 

-58(5) 

-12(3) 

N  {  2  ’  ) 

65(3) 

29(2) 

94(4)  3 ( 

3  ) 

-22(3) 

9  '  2  ) 

0  (  2  a  ) 

8  1(4) 

25(2) 

121(5)  1  2  ( 

3  ) 

-20(4) 

-3(2! 

c  (  2  s : 

9  6^) 

45(3) 

1  5  3(6)  3  ( 

4  ) 

-22(5) 

2  2!  3  ; 

N  <  o'  ) 

8  2(4) 

4  2(3) 

55(5)  1 5 ( 

-  } 

-24(4) 

-10(2) 

0  (  5a  ) 

104(4) 

24(2) 

10  3(4)-  -  1  ( 

3  ) 

-35(3) 

1(2) 

0  (  6b  ) 

151(6) 

6  C  (  3  ) 

112(5}  1 5 ( 

3  ) 

-74(5) 

-0(3) 

C(3a) 

74(3? 

52(4) 

112(7)  -  4 ( 

4  ) 

30(5) 

-10(4) 

C(  3d  ) 

7  4(5) 

64(4) 

72(5 )  3 ( 

4  ) 

-15(4) 

-11(4) 

C(7a  ) 

9  2(6) 

107(8) 

102(7)  -48 ( 

6  ) 

-6(6) 

9(5) 

C  (7b) 

6  4(4) 

6  3(4) 

108(7)  -1 ( 

5) 

-9(5  5 

-11(4) 

?  (  1  ) 

1 16(5) 

100(4) 

438(19)  52 ( 

8  ) 

146(9) 

23(4) 

?  (  2  ) 

8  5(3) 

69(3) 

100(3)  4 ( 

3  ) 

-3(3) 

-36(2) 

?(  3  ) 

265(10) 

156(6) 

9  3  (  4  )  -  4  3 ( 

5  ) 

80(6) 

-119(7) 

r  (  4) 

187(7) 

127(5) 

145(6)  -28 ( 

5  ) 

-  1 08 (  o ) 

42(5) 

?  (  5  ) 

157(5) 

72(3) 

75  (  3)  -  2  4  ( 

3  ) 

-33(3) 

-12(2) 

F  (  6  5 

240(9) 

191(7) 

60(3)  7 ( 

4  ) 

-10(4) 

-10d( 7) 

F  (  7) 

214(7) 

82(4) 

113(5)  -  5  5 ( 

4  ) 

-25(5) 

13(4) 

?(d) 

1 10(5) 

i  8  ri  (  7  ) 

260(11)  - 1  3  3  ( 

5  ) 

75(6) 

-26(5  ) 

?  ( 9 ) 

383(16) 

126(6) 

97(5)  2  0 ( 

5  ) 

78(7) 

90(8) 

?(10) 

98(3) 

74(3) 

181(6)  2  9 ( 

4  ) 

-40(4) 

-  4  6  (  3  ) 

?(!1) 

8  8(4) 

179(7) 

253(10)  - 1  0  7 ( 

7  ) 

6  6(5) 

-57(4) 

?(12) 

97(4) 

116(5) 

2  3  9(10)  7  2 ( 

6  ) 

-3  5 (  5  ) 

-19(3) 

'The  an 

isotropic  ten 

pe  rat u re  f 

actor  exponent  tax 

e  s  the  form 

: 

-  2  7"  (  h 

“  a  ■  “  Li  -  n  *  “ 

^  —  •  •  •  •*- 

2  h  k  a  *  o  *  Li  ) 

T  AaL  £ 

5  C  8  y  a  r  o  <j  e  n 

coorrtina  :*? 

a  ( x  1  0  ’  )  ana  t  e  n 

P  * 

rature  fact 

o  r  s  (  A  “  1 

atom 

■<  /'a 

y/b 

2  /C 

:-T 

H  (  1  ) 

9  1  7  4  (  3  4) 

2  o  9  9  (  3  5 

1  7  1  2  (  3  9  ) 

5  9 

a  (  4  ) 

8290(37) 

-704131 

)  2230(6") 

-  7 

H  l  5  ) 

9473(22) 

5  7  9 (  8  7 

)  2102(57) 

5  0 

H(d) 

91 44 ( 44) 

468a: 96 

)  3  7  9  9  (  8  9  ) 

9  ci 

a8 


TABLE  id  Atom  coordinates  (  x  1 04  )  and  temperature  factors  ( \  x  1  O'*  ) 


a  tom 

x/a 

Y/b 

2/C 

U 

eq 

cm 

-1858(4) 

7515(2) 

1 347 ( 3 ) 

42(1) 

N  (  2  ) 

-1761 ( 4 ) 

6931(1) 

2120(2) 

58(1) 

C  (  3  ) 

-455(5 ) 

6  3  6  0  (  2  ) 

1941(3) 

5  0  (  1  ) 

N  (  4  ) 

616(4) 

6702(1  ) 

1122(2) 

48(1) 

C  (  5  ) 

-22(4 ) 

7  40  3 (  2  ) 

807 ( 2 ) 

401  1  ) 

N  (  6  ) 

1210(3) 

7  9  4  3  (  1  ) 

1353(2) 

42(1) 

C(  7) 

1 16(4) 

8  5  09 ( 2  ) 

1793(3) 

44(1) 

N  (  3  ) 

-1695(4) 

8175(1) 

1  3  6  7  (  3  ) 

61(1) 

N  (  2  ’  ) 

-  3  0  8  3  (  5  ) 

6918(2) 

2898 ( 3 ) 

63(1) 

0  (  2a  ) 

-  4  3  8  2  (  4  ) 

7331(2) 

2  7  69 (  2  ) 

74(1) 

0  (  2  n  ) 

-2800(5) 

6509 ( 2 ) 

3636(3) 

93(1) 

N  (  4  ’  ) 

1359(5) 

6  2  8  6  (  2  ) 

280(3) 

67(1) 

0  (  4a  ) 

1985(5) 

5722(2) 

574(  3  ) 

98(1) 

0  (  4b  ) 

1  2  59  (  4  ) 

6531  (  2  ) 

-621 ( 2 ) 

75(1) 

N  (  6  1  ) 

3004 ( 4 ) 

3035(  2  ) 

995(3) 

56(  1  ) 

0(  6a) 

3570(4 ) 

7564(2) 

452(2) 

67(1) 

0  ( 6b ) 

3897(4) 

8549 (  2  ) 

1328(3) 

87(1) 

C  (  3a  ) 

941 ( 6 ) 

6194(2) 

2976(3) 

65(1) 

C(  3b) 

-1  64 4 ( 6  ) 

5  6  9  8  (  2  ) 

1  4  8  7  (  3  ) 

65(1) 

C(7a) 

957(6) 

8732(2) 

2970(3) 

62(1) 

C(7b) 

-169(5) 

9159(2) 

1036(3) 

55(1) 

F(  1  ) 

280(4) 

5697(2 ) 

3580(2) 

9  4  (  1  ) 

F(2) 

2613(4) 

5  9  68 (  2  ) 

2  7  0  3 (  2  ) 

91(1) 

F(  3  ) 

1 265(4 ) 

6  7  5  7  (  1  ) 

3  5  6  6  (  2  ) 

92(1) 

F  (  4  ) 

-3214(4) 

5635  (  1  ) 

1 989 ( 2) 

92(1) 

F  (  5  ) 

-684(4 ) 

5120(1) 

1  6  2  9  (  2  ) 

98(1) 

F  (  6  ) 

-21 66( 4) 

5  79  8 (  1  ) 

451(2) 

85(1) 

F  (  7  ) 

-336(6) 

9140(2) 

3372(3) 

3  6  (  1  ) 

F(8  ) 

1  00 1  (  1  1  ) 

8159(2) 

3  604 (  3) 

127(3) 

F  (  9  ) 

2595 ( 6 ) 

9029 (  4  ) 

3  0  4  4  (  3  ) 

125(2) 

F  (  1  0  ) 

-1  6  9  0 (  1  2) 

9520(5) 

1251(10) 

78(3) 

F  {  1  1  ) 

-476(11) 

8980(2) 

35(3) 

100(2) 

F(  1  2) 

1 254(9 ) 

9609 (  3  ) 

1140(9) 

111(3) 

F  (  7  1  ) 

-21 1  i 1  2) 

8956(b) 

3  5  5  6  (  7  ) 

81(3) 

F  (  8  ’  ) 

2012(12) 

d  2  4  0  (  4  ) 

3407(5) 

71(3) 

F  (  9  1  ) 

2110(11) 

9  2  9  8  (  4  ) 

2  9  08 ( 6  ) 

66(3) 

F(  1  O'  ) 

-1182(34) 

9633(13) 

1482(25) 

132(9) 

F  (  1  1  '  ) 

-1175(14) 

8898 ( 4 ) 

166(6) 

89(3) 

F  (  1  2  '  ) 

14  2-1(22) 

9  3  8  7 ( 7) 

688 ( 8  ) 

77(4) 

* 


Equivalent  isotropic  w  defined  as  one  tnird  of 
trace  of  the  ortnoyonalised  U  •  •  tensor 


the 


a9 


'.m  ;■.*  r^m.  f- »  *  *  *  -  *  ‘•?  A  -v*  A  A  -  - 


.  d.  .  a.  a^  fc.. 


• - ^  *  A  * 


TAdL £  2  2  dona  lengur.s  (A) 


C(1)-N(2) 

1 .464(4) 

c l 1 ) -C ( 5 ) 

1  . 

517(4) 

C !  1  )-N(8) 

1.414(4) 

N ( 2  )  -C ( 3 ) 

1  . 

453(4) 

N  {  2  )  -  N  (  2  •  ) 

1  .  395  (  5  ) 

C(  3 )  -N ( 4 ) 

1  . 

467(4) 

C ( i )-C ( ja ) 

1 .565(5) 

C<  3)-C(3n) 

1  . 

586(5) 

M ( 4 ) -C ( 5  ) 

1.451(4) 

N ( 4 ) -N ( 4 1 ) 

1  . 

444 ( 4 ) 

C  (  3  )  -  N  {  6  ) 

1  .  467(  4) 

N ( 0) -C( 7 ) 

1  . 

458(4) 

N  (  0  )  -  N  (  6  1  1 

1.381(4) 

C (  7 )  -N ( 8  ) 

i  * 

4  2  9  (  •+  ) 

C  i  7  )  -  C  (  7  a  ) 

1 .573(4) 

C( 7 ) -C( 7b) 

1  . 

555(4) 

N ( 2 1  ) -0 ( la  ) 

1 .203(4) 

N  (  1  '  )  -0  (  2  n  } 

1  . 

202(5; 

X ( 4 ’ )-0(4a) 

1 .206(4) 

N  (  4  ■  ) -O ( 4b  ) 

1  • 

202(4) 

N ( 6 • ) -0 ( 6a ) 

1 .210(4) 

N  ( 5 ’  ) -0 ( 60  ) 

1  . 

214(4) 

C ( 3a )-?( 1 ; 

1.317(5) 

C  (  3  a  )  -  r  (  2  ) 

1  . 

320(5) 

C ( 3a ) -r ( 3  ) 

1.306(5) 

C  (  3  n  )  -  K  (  4  ) 

1  . 

315(5) 

C  (  3  0  5  -  ?  (  5  ) 

1 .296(4) 

C( 3o)-F(6) 

1  . 

310(4) 

C  (  7  a  )  -  F  (  7  ) 

1 .325(3) 

C  (  7  a  )  -  r  (  8  ) 

1 

344(5) 

V.  7a  >-?(9) 

1  .  274  (  *3  ) 

C  (  7  a  )  -  r  ■'  7  ‘  ) 

1 

253(10' 

C  (  7  a  )  -  F  (  3  1  ) 

1.281(9) 

C{ 7a)-F(" ’ ) 

1  . 

355(6) 

C  (  7  S  )  -  F  (  1  0  ) 

1.316(10) 

C(7b)-r’(11) 

1  . 

281(5) 

C  (  7  b  )  -  F  (  1  2  ) 

1.312(7) 

C  (  7  b  )  -  F  (  1  0  •  ) 

1  . 

303(26) 

C(7S)-;  (  1  1  *  ) 

1  .  325(  8  ) 

C  l  7  b  )  -  F  (  1  2  *  ) 

1  . 

304(15) 

Table  3  d 

Tend  angles  (deg.) 

rr(2)-cd  )-c(5) 

c(5)-c(i)-n(3) 

C(l)-7T(2)-tf(2') 

:f(2)-C(3)-K(^) 

;i(-)-C(3)-0(3a) 

:i(U)-c(3)-C(3b) 

C(3)-5(U)-c(5) 

C(l)-Cf5)-S(6) 

C(5)-3T(6)-C(7) 

C(7)-3T(6)-3f(6*  J 

S(5)-C(7)-C(7a) 

7 ( 6 ) -C ( 7 )  — 0  ( 7b ) 

C ( 7a )  -C ( 7 ) -C ( 7b ) 
:i(2)-S(2'  )-C(2a) 

0  ( 2a ) - JI(  2 ' }  -0 { 2b ) 

3(4)-3(U')-0(4b) 

3(5)-n(5»)-c(6a) 

c(6a)-n(6' )-c(oc5 

C(3)-C(3a)-?(2) 

S(3)-C(3a)-F(3) 

F(2)-C( 3a)-?(3) 

■:(3i-C(3b)-?(5) 

C(3)-C(2b)-?(6) 

?'!  5  )-C(3b)-?(6) 
C(7)-C(7a)-F(3) 

3(7}-C(7a)-?(c) 

.r'3;-C(7a)-F(9) 

0(7 )-C(7a)-F(9 ’ ) 

7  ( 7 ' ) _c ( 7a } -? ( 9 ' ) 

C ( 7 ) -C ( 7b ) -? ( 10 ) 

_n  <  "’•U  1  T  <  i  >  ^ 

F ( 10 ) -C ( 7b } -F ( 12 ) 

C ( 7 ) -0 ( 7b ) -F ( 10 ’ ) 
C(7)-C(7b)-C(ii' ) 

F ( 10 ' ) -C ( 7b ) -F ( 11 M 


100.9(2) 
106.3(2) 
113.0(3) 
$6.0(2) 
109.1(3) 
112.3(3) 
115.5(2) 
ICO. 6(2) 
112.7 ( 2) 
123.1(2) 
112.3(2) 
111.2(3) 
110.3(3) 
116.0(3) 
126.5(1) 
117.3(3) 
115.9(3) 
127.1(3) 
111.0(3) 
110.5(3) 


T  ( 2 )  -C  ( 1 )  -)T  ( 3 ) 

C  ( 1 )  ( 2 )  — 0  (  3 ) 
C(3)-5(2)-?r(2') 
N(2)-C(3)-C(2a) 
"(2)-C(3)-C(2b) 

0 ( 2a) — 0 ( 3 ) -0 ( 3b ) 

C(2)-fl(l)-n(l') 

:fd)-c(5)-;i(6) 

C ( 5 ) -N( 6 ) -n( 6 ' ) 
N(6)-c(7)-jr(a) 
3(3) -C (7) -C (7a) 

-7  ( 5 )  -C  ( 3 )  -c  ( 7b ) 
C(l)-:i(3)-c(7) 
7(2)-rf(2’)-0(2b) 
3(-)-3(l;»)-0(l»a) 
0(la)-N(l' )-0(lb) 
7( 6 ) -M( 6 ' ) -0 ( 6b ) 
C(3)-C(2a)-F(l) 
?(l)-C(2a)-F(2) 

F  ( 1 )  —0  ( 3a ) -F ( ^ ) 


112.=(3) 

r-f  1', 

-C(2b) 

106.5(3) 

F(2) 

-C(3b) 

110.5(3) 

0(7) 

-C(7a) 

107.7(3) 

?'7) 

-C(7a) 

116.3(3) 

Tf ') 

.1  \ 

-in  i.  f  -  \ 

— < .  —  ■  >  . 

lC9.7d) 

IQ-  3  ^  ^ 

110.9(6; 

105.6(7) 

105.0(6) 

110.2(12) 

102.1(2) 

1 PQ  p l i n 1 


0  ( 7 )  -C  ( 7a )  — 0  ( **  ’  ’ 

F( 3  '  }-C(7a)-?(s  ' ) 

0(T)-C(7b)-F(ll) 

C(7)-C(7bj-F(l2) 

7  ( 11 )  —2  ( 7b ) -F ( 12  J 
0  ( 7 ) -C ( 7b ) -F ( 12 ' ) 
7(10 ' )-C(7b)-F(l£' ) 


112. 7 ( 1 
117 .6(3 
122.9(3 

112.4(3 

109-6(3 

1_1-3.1  t  -3 

105.3(2 
111.9(2 
117.0(2 
101.1(2 
103.6(3 
109.3(3: 
113.3(2’ 
117.4(3) 
112.3(2) 
127.9(2) 
116.6(2) 
112.5(3) 
106.0(3) 
109.2(2) 
’co  ^ 

-vj  (  •  (  ,  J  ; 

107.7(2 ) 

107.2(2) 
103.9(4) 
110.5 '2) 
112.0 ^  5 ) 

106 .6(6) 

"  —  f  ^  \ 

Hi ,  2  f  5 ) 
109.0(6) 
112.5(6) 
112.9(13 


TABLE 

4d 

Anisotropic  temper 

ature  factors 

(  A2  x  1  0  3 

) 

a  tom 

Uli 

U22 

U 

33 

U 

23 

U 

13 

U 

12 

C  (  1  ) 

4  0(2) 

40(2) 

46(2) 

0(1) 

3(1) 

-4(1) 

N  (  2  ) 

69(2) 

47(1) 

61(2) 

11(1) 

30(1) 

10(1) 

C  (  3  ) 

61(2) 

3  6  (  2) 

52(2) 

3(1) 

1(2) 

1(1) 

N  (  4  ) 

58(2) 

39(1) 

49(1) 

-2(1) 

16(1) 

2(1) 

C  (  5  ) 

39(1) 

39(1) 

41(2) 

2(1) 

2(1) 

4(1) 

N(b) 

31(1) 

40(1) 

56(1) 

0(  1  ) 

8(1) 

1(1) 

C  (  7  ) 

45(2  ) 

33(1) 

53(2) 

-4(1) 

5(1) 

2(1) 

4(8) 

47(2) 

42(1) 

99(2) 

-14(2) 

27(2) 

-6(1) 

N  (  2*  ) 

68(2) 

68(2) 

56(2) 

3(2) 

21(2) 

-15(2) 

0(  2a  ) 

t>  6  (  2  ) 

78(2) 

81(2) 

-4(2) 

30(1) 

-4(2) 

0(  2d) 

104(2) 

101(2) 

77(2) 

24(2) 

34(2) 

-13(2) 

N  (  4  '  ) 

72(2) 

55(2) 

74(2) 

-18(2) 

20(2) 

7(2) 

0  (  4a  ) 

1  3b(  3  ) 

61(2) 

97(2) 

-1(2) 

23(2) 

50(2) 

0  (  4b  ) 

98(2) 

79(2) 

52(1) 

-8(1) 

23(1) 

11(2) 

N  (  6  '  ) 

41(1) 

61(2) 

68(2) 

6(2  ) 

8(1) 

-4(1) 

0  ( 6a  ) 

51(1) 

81(2) 

72(2) 

-11(1) 

21(1) 

7(1) 

0  (  6b  ) 

58(2) 

69(2) 

136(3) 

-19(2) 

25(2) 

-27  (  1  ) 

C(  3a  ) 

81(3) 

57(2) 

54(  2  ) 

5(2) 

-6(2) 

-1(2) 

C(  3b) 

83(3) 

4  6  (  2  ) 

64(2) 

4(2) 

-4(2) 

-10(2) 

C(7a) 

80(3) 

6 0 (  2) 

45(2) 

-4(2) 

6(2) 

3(2) 

C  (  7  b  ) 

63(2) 

43(2) 

60(2) 

7  (  2) 

5(2) 

4(2) 

?(  1  ) 

112(2) 

91(2) 

75(1) 

35(2) 

-7(1) 

-7(2) 

F(2) 

78(2) 

95(2) 

95(2) 

9(2) 

-16(1  ) 

17(1) 

F  (  3  ) 

119(2) 

82(2) 

70(1) 

-12(1) 

-21(1) 

-9(1) 

F  (  4  ) 

97(2  ) 

81(2) 

98(2) 

11(2) 

11(1) 

-38(1) 

F  (  5  ) 

135(2) 

42(1) 

111(2) 

-2(1) 

-12(2) 

-2(1) 

F  (  6 ) 

111(2) 

78(2) 

62(1) 

-3(1) 

-  2  0  (  1  ) 

-25(1) 

Ft  7  ) 

133(3) 

66(2) 

63(2) 

-22(2  ) 

30(2) 

5(2) 

F  (  8  ) 

255(7) 

72(2) 

53(2) 

9(2) 

8(3) 

38(3) 

F  (  9  ) 

67(2) 

222(6) 

82(2) 

-59(3) 

-11(2) 

-22(3  ) 

F  (  1  0  ) 

84(3) 

60(3) 

93(6) 

8(3) 

22(3) 

32(2) 

F  (  1  1  ) 

165(5) 

80(2) 

6  5  (  2  ) 

12(2) 

19(3) 

54(3) 

F  (  1  2  ) 

85(3) 

52(3) 

191(8) 

43(4) 

-19(4) 

-22(2) 

F  (  7  '  ) 

74(5) 

109(7) 

62(5) 

-12(5) 

11(4) 

-27(5  ) 

F  (  8  ’  ) 

8  5(6) 

87(6) 

38(4) 

3(4) 

-14(3) 

-2(5) 

F  (  9  '  ) 

64(4) 

52(4) 

78(5) 

-17(4) 

-12(4) 

-29(4) 

F  (  1  0* 

) 

2  31  (  24  ) 

77(11) 

80(7  ) 

-22(8) 

-25(14) 

106(14) 

F  (  1  1  ' 

) 

115(7) 

80(5) 

60(4) 

-4(4) 

-51(4) 

6(0) 

?  (  1  2  ' 

) 

122(8) 

57(7) 

53(5) 

-7(4) 

15(5) 

-31(6) 

Tne  anisotropic  tenperacure 

factor  exponent  takes 

the  torn: 

.,2  2 
-  2"  (  n  a  * 

2Un+k2o*2 

U  +  •  «  • 

22 

+2nka’D*u  ) 

12 

TABLE 

5d 

Hyrt  rogen 

4 

coordinates  (  x  1  0  )  and 

tempera 

ture  factor 

s 

atom 

x/a 

y/b 

=  /c 

'J 

H  {  1  ) 
H(  5) 
H<  8  ) 


-3114(55) 

-177(38) 

-3041(40) 


7  008 (  1  9 ) 
7451(13) 
8500 (  1  5  ) 


96 01 29) 
-32(21) 
1  8  5  4  (  2  2) 


65(11) 

29(7) 

47(8) 


v-V- 

k-/. 

TABLE  16 

Aeon  coo 

r  4 1  n  a  c  e  s  (  x  1  O’* 

ana  tenpeta 

care  facto 

* •  ,  *• 
o%v 

» *  i 

aeon 

x/a 

y/b 

2/C 

U 

►m-, 

eq 

cm 

3  5  69  (  1  ) 

6743(3) 

3  4  2  4  (  1  ) 

34(1)* 

3R 

:4  (  2  ) 

3  7  4  4  (  1  ) 

3556(2) 

3  3  3  7  (  1  ) 

33(1)* 

C  (  3  ) 

4  1  d  7  (  1  ) 

2534(3) 

3647(1 ) 

32(1)* 

l_’“  •  ■*  • 

N  (  4  ) 

4  2  4  d  (  1  ) 

6o  2  7 ( 2  ) 

3  5  4  9  (  1  ) 

26(1)* 

i>-.;- 

C  (  5  ) 

3  3  9  4  (  1  ) 

5610(3) 

3156(1) 

24(1)* 

;■"-■•'• 

N  (  6  ) 

3  7  5  6  (  1  ) 

5  6  6  6  (  3  ) 

2  0  6  0  (  1  ) 

42(1)* 

ii^di 

C(  7) 

3  3  22  (  1  ) 

5368{  3  ) 

1711(2) 

40(1)* 

1  tMMmm 

_ 

iJ  (  3  ) 

3  2  2  5  (  1  ) 

6511(3) 

2632(1) 

42(1)* 

M/. 

N  (  2  1  J 

3  5  36  (  1  ) 

996  5 (  2 ) 

3745(1) 

44(1)* 

*  wN  « 

C  (  2  a  ) 

3199(1) 

9611(3) 

3823(2) 

55(1)* 

flk’ 

<\V  V 

0(23) 

3  7  0  6(1) 

1 1406(2) 

3  8  9  G  (  1  5 

57(1)* 

\k-1 

N  (  4  ’  ) 

4634(1) 

5  3  0  4  (  3  ) 

3  7  09 ( 2) 

43(1)* 

ft 

0  (  4a  ) 

4911(1) 

6794(3) 

3656 ( 2 ) 

6  3(1  )  * 

pp 

0  (  4b  ) 

4641(1) 

4236(2) 

3896(2) 

68(1)* 

/«  “*  > 

N  (  S  ’  ) 

4010(1  ) 

5167(2) 

1445(1) 

46(1)* 

X-'' 

0  (  6a  ! 

4334(1) 

4604 ( 2 ) 

1853(1) 

59(1)* 

0  (  5o  ) 

3  3  d  4  (  1  ) 

5  3  9  0  (  3  ) 

560(1 ) 

64(1)* 

W-- 

n  ( a  •  ) 

2344(1) 

6175(3) 

2364(2) 

52(1)* 

5&fc£ 

0  (  d  a  ) 

257  1  (1) 

5933(4) 

2164(2) 

80(1)* 

• 

r~?~z 

0  (  d  a  ) 

2  33  2  (  1  ) 

6221  ( 3  ) 

3  7  2  0  (  1  ) 

6  4(1  )  * 

\m 

c-; 

C  (  3a  ) 

4  3  6  0  (  1  ) 

9631  ( 3  ) 

2878(2) 

43(1)* 

C  (  3  d  ) 

4355(1  ) 

9117(3) 

4  7  6  2  (  2) 

40(1)* 

>V*‘ 

>v; 

C  (  7a  ) 

3  201  (1) 

7323(3) 

891(2) 

51(1)* 

>v- 

M  **  '  ’ 

G  (  7  d  ) 

3131(1) 

3946(3) 

1 3a  5 (  2  ) 

50(1)* 

?  (  1  ) 

4121(1) 

11061(2) 

2  5  4  4  (  1  ) 

62(1)* 

IP 

?(  2) 

4720(1) 

1  0  299 (  2  ) 

3243(1 ) 

62(1)* 

r\~  t‘ 

?  (  3  ) 

4373  (  1  ) 

8  6  7  0 (  2) 

209  3 (  1  ) 

57(1)* 

?(  4) 

4  4  4  7  (  1  ) 

1  03  2  8 (  2) 

4361  (  1  ) 

59(1)* 

r*V\ 

?  (  5) 

4  680(1  ) 

3190(2) 

5160(1) 

51(1)* 

F  (  6  ) 

4  0  7  9  (  1  ) 

3745(2) 

5  2  7  7(  1  ) 

49(1)* 

£* 

F<  7) 

2  d  6  4  (  1  ) 

3142(3) 

9  8  0  (  1  ) 

33(1)* 

•’13) 

3  483(  1  ) 

3562(2) 

1001(1) 

63(1)* 

■*  ..  » 

1/  ‘.,# 

F  (  9  ) 

3  14  1(1  ) 

6670(2) 

-6(1) 

70(1)* 

F  (  10) 

2  774^1  ) 

4  0  5  1  (  2  ) 

736 ( 1 ) 

67(1)* 

^  r*"* 

F  (  1  ’  ) 

3101(1) 

3041(25 

2186(1  ) 

71(1)* 

'  ■ 

F  (  1  2  ) 

3  367(1  ) 

3027(2) 

929(1 ) 

69(1)* 

I 

* 

*  Equival 

e  n  c  i  s  c  c  r 

cnee  U  cefir.ed 

as  one  c  n i r  d 

c:  c.ne 

fc: 

■race  o 

i  the  ore 

hoaonaiisec  U.  . 

—  j 

censor 

Kv 

fs- 


f* 

r. 

r-.-v 


►:*v 

tv«v 

1 * 


K: 


<  A"  X  1  O' 


a  1  2 


TABLE  2©  aonrt  lengths  (A) 


C(D- 

cm- 

N<2>- 
C(3)- 
h(4)- 
C  (  5  )  - 
(  6  )  - 
C  (  7  )- 
S(8>- 
N(  2*  ) 
N  (  4  '  ) 
N  (  6  '  ) 
N  (  8  •  ) 
C(  3a  ) 
C(  3d) 
C(3b) 
C(7a) 
C(  7d) 
C  (  7  b  ) 


N  (  2  ) 
n  ( a ) 

N(  2  '  ) 
C(  3a  ) 
C<  5  ) 

N  (  6  ) 

M  (  6  '  ) 
C(  7a  ) 
n  ( a  ’  ) 

-0( 2b) 
-O ( 4 b  ) 
-0(6b) 
-O(db) 
-F(  2  ) 

-  F  (  4  ) 
-F(6> 
-F  (  a ) 
-F( 1 0) 
-F( 1 2) 


4  a  2 (  3) 

C( 1 ) -C<5) 

1.501(3) 

4  3  5  (  2  ) 

N ( 2) -C( 3) 

1  .  475( 2  ) 

417(2) 

C  (  3  )  — N  (  4  ) 

1  .  4  4  a  (  2  ) 

577(  3  ) 

C( 3 ) -C ( 3b) 

1.591(3) 

431(2) 

N ( 4 ) -N ( 4  '  ) 

1.427(2) 

493(2) 

M ( fa) -C( 7) 

1.462(2) 

3  9  3  (  3  ) 

C(7)-N(8) 

1.467(3) 

562(3) 

C ( 7 ) -C ( 7b) 

1  .  5  9  B  (  3  ) 

4  2  S  (  3  ) 

N( 2*  )-G(2a) 

1.207(3) 

217(2) 

N ( 4 ' ) -0 ( 4a ) 

1.211(3) 

197(3) 

N  (  6  *  ) -0 ( 6a ) 

1  .  203  (  2  ) 

222(  2) 

N  {  a ' ) -o ( da  ) 

1.205(2) 

197(3) 

C ( 3a ) -F ( 1  ) 

1.331(2) 

3  0  6  (  2  ) 

C( 3a)-F (3) 

1.333(3) 

314(2) 

C( 3b)-F(5) 

1.322(2) 

325(3) 

C  (  7  a  )  -  F  (  7  ) 

1.328(3) 

330(3) 

C( 7a ) -F { 9 ) 

1.312(3) 

321(3) 

C( 7b ) -F( 1 1 ) 

1  .  3  2  2  (  3  ) 

319(3) 

TABLE  3©  Bond  angles  (deg.) 


N ( 2 ) -C ( 1 ) -C ( 5 ) 

C  (  5  )  -  C  (  1  )  -  N  (  8  ) 

C( 1  )-N ( 2 )-N ( 2  *  ) 
N(2)-C(3)-N(4) 
N(4)-C(3)-C(3a) 
N(4)-C(3)-C( 3b) 
C(3)-N(4)-C(5) 

C  (  5  )  -  N  (  4  )  -  N  (  4  ’  ) 

C  (  1  ) -C ( 5 ) - N  (  6  ) 
C(5)-N(6)-C(7) 
C(7)-N(b)-N(6'  ) 

N ( 6) -C( 7 ) -C( 7  a  ) 
N(6)-C(7)-C(7b) 
C(7a)-C(7)-C(7b) 

C ( 1 ) -N ( B ) -N ( B ' ) 

N ( 2 ) -N ( 2 ' )-0( 2a ) 
0<  2a ) -N ( 2 '  )-0 ( 2b) 
N ( 4 ) -N ( 4 ' )-0 ( 4b) 

N ( 6 ) - N ( fa  1  )  -0( 6a  ) 

O ( 6a ) -N ( 6  •  ) -o ( 6b  ) 
N ( a ) -N ( 8  '  ) -U ( db ) 
C(  3 )-C( 3a ) -F(  1  ) 

F (  1  ) -C ( 3a ) -F( 2 ) 

F ( 1 )-C( 3a ) - F ( 3) 

C ( 3 ) -C( 3b ) -F( 4  ) 
F(4)-C(3b)-F{5) 
F(4)-C(  3  b ) - F ( 6 ) 

C ( 7 ) -C ( 7 a  > - F ( 7 ) 

F  (  7  )  -C  (  7  a  )  -  F  (  a  ) 

F ( 7 ) -C ( 7  a ) - F ( 9 ) 

C ( 7 ) -C( 7b ) -F( ) 0 ) 

F (  1  0)-C( 7  b ) - F (  1  1  ) 
F( 1 0)-C(7b)-F( 1 2) 


100.4(1) 

N ( 2 ) -C ( 1 ) — N ( a ) 

110.6(2) 

105.5(2) 

C(1 ) -N ( 2 ) -C ( 3 ) 

112.4(1) 

115.3(2) 

C  (  3  )  -N ( 2 ) -N ( 2  *  ) 

119.1(1) 

98.5(1  ) 

N(  2)-C( 3 ) -C ( 3a)  ' 

109.9(1) 

112.8(2) 

N ( 2 ) -C ( 3 ) -C ( 3b) 

111.7(2) 

109.3(1) 

C(3a)-C(3)-C(3b) 

113.7(2) 

115.5(1) 

C(3)-N(4)-N(4*  ) 

123.7(1) 

120.4(2) 

C(1 ) -C ( 5 ) -N ( 4 ) 

102.3(1) 

98.6(1) 

N { 4 ) -C ( 5 ) — N ( b ) 

115.4(2) 

1 14.5(2) 

C(5)-N(6)-N(6' ) 

121.1(1) 

122.9(2) 

N  (  6 ) -C ( 7 ) -N ( 8  ) 

98.4(1) 

113.7(2) 

N(8)-C(7)-G(7a) 

109.5(2) 

108.8(2) 

N ( 8 ) -C ( 7 ) -C ( 7  b ) 

112.7(2) 

112.9(2) 

C ( 1  ) -M ( a ) -C( 7  ) 

114.0(2) 

118.8(2) 

c  (  7 ) -n ( a ) -n ( a  '  ) 

121.7(2) 

115.5(2) 

N ( 2 ) -N< 2 ' ) -0 ( 2b ) 

117.2(2) 

127.3(2) 

N ( 4 ) -N ( 4  '  ) -0 ( 4a  ) 

115.6(2) 

115.2(2) 

0 ( 4a  )  -N  (  4  •  )  -0 ( 4b) 

129.1  ( 2  ) 

115.7(2) 

N ( 6 ) -N ( 6 ' ) -0 ( 6b ) 

116.7(2) 

127.6(2) 

N ( a ) -N ( 8  '  ) -O ( 8a  ) 

115.2(2) 

1 16.4(2) 

0 { da ) -N  (  8  ’  )  -0 ( Bb ) 

128.3(2) 

111.4(2) 

C(3)-C(3a)-F(2) 

112.6(2) 

108.3(2) 

C(3)-C(3a)-F(3) 

1 09. 3(2) 

1 06. 1(2) 

F(  2 ) -C ( 3a ) -F ( 3 ) 

108.9(2) 

113.2(2) 

C ( 3 ) -C ( 3 b ) - F  (  5  ) 

110.9(2) 

107.6(2) 

C (  3 ) -C ( 3b) -F ( 6  ) 

108.6(1) 

109.2(2) 

r(S)-C(3b)-F(6) 

107.0(2) 

110.4(2) 

C ( 7 ) -C ( 7a ) -F ( d ) 

109.1(2) 

107.4(2) 

C( 7 ) -C ( 7a ) -F  (  9  ) 

113.4(2) 

107.3(2) 

F  (  8  )  -C  (  7  a  )  -  F  (  9  ) 

109.1(2) 

1 12.9(2) 

C ( 7 ) -C ( 7b ) -F ( 1 1 ) 

108.6(2) 

1  09. 5( 2  ) 

C( 7 ) -C( 7b) -F{ 1 2) 

1  10.4(2) 

107.7(2) 

F( 1 1 ) -C( 7b)-F( 1 2) 

107.6(2) 

T  A3L  z 

46  Anisotropic 

tenpe  ra  tu 

re  factors  (A  x  1  0  "  ) 

atom 

O’, , 

j _ 

U 

22 

U  U 

33  22 

u 

JmJt 

U 

n  — 

CM  ) 

3  1(1) 

42(1) 

23(1)  2(1) 

4(1) 

-  3  i  1  ) 

N  (  2  ) 

2  3(1! 

3  4(1  ) 

34(1)  -2(1) 

3(1) 

3(1) 

C(  3) 

3  0(1) 

3  1(1) 

36(1)  -1(1) 

5(1) 

0(1) 

a  ( 4 ) 

27(1) 

30(1) 

47(1)  -1(1) 

2(1) 

-0(1) 

C  (  5  ) 

3  3(1  ) 

3  1(1) 

26(1)  2(1) 

4(1) 

-2(1) 

M!b) 

iil  l  ) 

3  0(1) 

36(1)  -11(1) 

9(1) 

-6(1) 

C  (  7  ) 

3  7(1) 

49(1) 

33(1)  -4(1) 

5(1) 

-9(1) 

U  (  8  ) 

3U(1) 

5  3(1  ) 

32(1)  -6(1) 

5(1) 

-8(1) 

N  (  2  ’  ) 

42(1) 

44(1) 

42(1)  -3(1) 

1(1) 

13(1) 

Q  (  2a  ) 

39(1) 

7  3(1) 

33(1)  -16(1) 

12(1  ) 

12(1) 

J  (  2  3  ) 

71(1) 

33(1) 

63(1)  -10(1) 

14(1) 

4(1) 

n  ;  4  •  ) 

34(1) 

43(1) 

59(1)  -4(1) 

1(1) 

3(1) 

0  (  4  a  ) 

3  2(1) 

53(1) 

90(1)  -12(1) 

16(1) 

-4(1) 

0  (  4b  ) 

59(1) 

42(1) 

96(1)  5(1) 

-0(1) 

17(1) 

N  (  6  1  ) 

52(1) 

42(1) 

49(1)  -13(1) 

21(1) 

-11(1) 

0  (  6a  ) 

52(1) 

56(1) 

72(1)  -11(1) 

24(1) 

3(1) 

0  (  6  o  ) 

31(1) 

74(1) 

44(1)  -11(1) 

25(1) 

-10(1) 

N  (  3  •  ) 

3  1(1) 

7  3  (  1  ) 

50(1)  -4(1) 

8(1) 

-5(1) 

0  ( 3a  ) 

33(1) 

133(2) 

62(1)  -17(1) 

-3(1) 

-15(1) 

C  (  3b ) 

43(1) 

106(1) 

43(1)  3(1) 

17(1) 

-9(1) 

C  (  3a  ) 

5  U  (  1  ) 

36(1) 

43(1)  -3(1) 

11(1) 

-8(1) 

C  (  3d  ) 

37(1) 

41(1) 

23(1)  -3(1) 

3(1) 

-5(1) 

C{  7a  ) 

55(1) 

56(1) 

40(1)  1(1) 

4  (  1  ) 

-10(1) 

C(  7b) 

53(1) 

54(1) 

40(1)  -4(1) 

5(1) 

-18(1  ) 

F(  1  ) 

3  4  (  1  ) 

43(1) 

o  2  (  1  )  13(1) 

22(1) 

5(1) 

F  (  2  ) 

53(1) 

66(1) 

67(1)  -6(1) 

2  1(1) 

-27(1  ) 

?(  3  ) 

77(1) 

55(1) 

43(1)  -7(1) 

2  6  (  1  ) 

-13(1) 

F  (  4  ) 

74(1) 

43(1) 

51(1)  -15(1) 

8(1) 

-19(1) 

r  (5) 

45(1) 

7  6  (  1  ) 

52(1)  -6(1) 

-14(1  ) 

9(1) 

?  (  6  ) 

52(1) 

63(1) 

33(1)  - 0 (  1  ) 

9(1) 

-4(1) 

?  (  7  ) 

7  4(1) 

97(1) 

73(1)  21(1) 

7(1) 

30(1) 

F  (3) 

3  4(1  ) 

5  1(1) 

61(1)  8(1) 

1(1) 

-21(1) 

F  (  5  ) 

3  3(1) 

3  0(1) 

35(1)  4(1) 

-0(1) 

-  2  0  (  1  ) 

F  (10) 

3  3  (  1  ) 

39(1) 

43(1)  -9(1) 

-4(1) 

-32(1) 

F  <  1  1  ) 

35(1) 

57(1) 

56(1)  12(1) 

9(1) 

-  29  (  1  ) 

F  (  1  2  ) 

9  1(1) 

55(1) 

74(1)  -21(1) 

2  1(1) 

-19(1  ) 

Tne  anisotropic  tenpe 

rature  fac 

tor  exponent  takes 

t  .n  e  torn: 

-  2T"  ( 

h “  a  *  “  J.  „  c*4"  Um 

„  ♦  ...  ♦ 2  b  x  a  *  o  *  0  ) 

T  A  60  £ 

59  3  y  a  r  o  c  e  n  coordinates 

(  x  i  0 A-  )  a  r. r.  renperat 

ure  factor 

s  (  A-  x  ’• 

atom 

X 

y 

Z  o 

n  (  1  ) 

3524(7) 

6491 (33) 

3987(21)  33 

v  ->  ) 

n  (  5  ; 

3903(0) 

4  n  3  5  (  2  7) 

3409(10)  29 

1  5  ) 

TAriLE  if  Atom  coordinates  (  xl  0  )  and  temperature  factors  ( A*"  x  1  0  ) 


atom 

x/a 

y/b 

Z/c 

U 

eq 

ti  (  U 

1814(5) 

2572(3) 

2  6  2  3  (  5  ) 

57(3) 

C(  2  ) 

1053(6) 

3192(4) 

2  00  4 (  6 ) 

6  4  (  4  ) 

a  (  3  ) 

-304 ( o ) 

306  1  (  3  ) 

1  68  2 ( 5) 

53(3) 

C  (  4  ) 

-31 0( 6) 

2427(4) 

390(  6  ) 

57(4) 

u  (5 ) 

-122(5) 

1  7  5  8  (  3  ) 

1373(4) 

51(3) 

y  (6 ) 

211(5) 

1692(3) 

2630(4) 

57(3) 

C  (  7  ) 

1 284(7) 

2166(4) 

3  3  6  6  (  6  ) 

64(4) 

rl(8  ) 

2  J  5  7  (  5  ) 

2074(3) 

1824(5) 

60(3) 

C  (  9  ) 

977(5) 

1 605 ( 4 ) 

1077(6) 

60(3) 

N  (  1  0  ) 

-1057(6) 

3690(4) 

1228(6) 

64(3) 

C  (  1  1  ) 

-1 390(6 ) 

4140(4) 

1972(6) 

5  9  (  3  ) 

0(11) 

-1  0  4  7 (  4  ) 

4  015(3) 

3  0  4  2  (  4  ) 

75(2) 

0(12) 

-2233(7) 

4760(4) 

1  3  60 (  7  ) 

60(4) 

C  (  1  3) 

-2311(8) 

5054(4) 

260(8) 

75(5) 

C(  1  4) 

-3198(11) 

5603(5) 

-281(9) 

106(6) 

C(  1  5  ) 

-3976(9) 

5869(5 ) 

264(9 ) 

109(6) 

C(  1  6) 

-  3  8  84 ( 8  ) 

5601(4) 

1341(9) 

104(6) 

C  (  1  7  ) 

-  30 0 0 (  7  ) 

5060(4 ) 

1918(8) 

83(5) 

C(  1  8) 

-517(7) 

1  30 7 ( 4  ) 

3111(6) 

58(3) 

0(18) 

-231(4) 

1370(3) 

4196(4) 

77(2) 

C  (  1  9) 

-1513(6) 

8  2  2 (  3) 

2300(  5  ) 

51(3) 

0(20) 

-2672(9) 

811(5) 

2409(6) 

70(4) 

0(21) 

-3622(3) 

326(6) 

1  744(  8  ) 

92(6) 

0(22) 

-3373(8) 

-166(5) 

1 004 ( 8 ) 

90(3) 

C(  23) 

-2231 ( 7) 

-1 67( 4) 

<37  5  (  6  ) 

73(4) 

0(24) 

-1  309(  7  ) 

324(4) 

1520(6) 

65(4) 

0(25) 

3171(7) 

2049(4) 

1 645 ( 6 ) 

62(4) 

0(25) 

3  2  2  0  (  5  ) 

1619(3) 

372(5) 

80(3) 

C(  26) 

4305(7) 

2499(4) 

2382(6) 

49(3) 

0(27) 

5231(7) 

2526(4 ) 

1921(7) 

36(5) 

c  ( 2  h  ) 

o3  3  1  (  8  ) 

2931(5) 

2490(a) 

99(5) 

0(29) 

6544(7) 

3282(4) 

3546(7) 

71(4) 

0(30) 

5835(7) 

3243(4) 

4013(7) 

8  2(4) 

0(31) 

4520(7) 

2860(4) 

3447(6) 

75(4) 

*  Equivalent  isotropic  U  clef  inert  as  one  third  of  tne 
trace  of  the  ortnoaonaLised  U  tensor 


HPIM1 


HIWWWW « 


mp  nj  l  i.l  1 1_«  n.i 


TAdLS  2 f 


Bond  lengths  (A) 


8(1)- 
8(1)- 
8(3)- 
0(4)  — 
8(5)- 
8(6)- 
N(a)- 
C  (  1  1  ) 

C(!2) 
C  (  1  3  ) 
0(15) 
C  (  1  8  ) 
0  (  1  -  ) 
0(20) 
C(  22) 
0(25) 
C(  26) 
0(27) 
0(29) 


0(25 

N(3) 

0(4) 

N  t  5  ) 
0(9) 
0(13) 
0(25) 
-0(11) 

-C ( 1 3) 
-0(14) 
-0  (  1  b  ) 

-0  (la) 
-0(20) 
-0(21) 
-0(23) 
-0(25) 
-C  (  27) 
-0(23) 
-0(30) 


1 

1 

1 

1 

1 

1 

1 

1 

1 

* 

1 

1 

1  , 
1  . 
1  , 
1  , 
1  . 
1  . 
1  . 


.441(9) 

.415(9) 

465(8) 

4  4  2 ( 8) 

442(10) 

361(10) 

357(11) 

210(d) 

3  9  0  (  1  3  ) 
391(13) 
343(15) 
229(d) 

3  6  3  (  1  3  ) 
299(12) 
260(13) 
2  2  6  (  1  0) 
357(13) 
385(11) 
349 { 1 4) 


14  {  1  )  -0  (  7  ) 

1.447(11) 

C  (  2  )  -14  (  3  ) 

1.457(9; 

M  (  3  )  -ti  (  1  0  ) 

1.406(9) 

N  (  5  )  -N  {  6  ) 

1.411(7) 

N  (  6  )  -C  (  7  ) 

1.490(3) 

N  (  3 ) -C ( 9  ) 

1  .  483(5) 

N (  1  0 ) -C  < 1  1  ) 

1.360(11) 

C  (  1  1  )  -C  (  1  2  ) 

1 . 48  1  (  9 ) 

C (  1  2 ) -C ( 1  7 ) 

1.288(13) 

C ( 1 4 ) -C ( 1 5 ) 

1.365(19) 

C()b)-C(17) 

1.397(1 1 ) 

C  (  1  8 ) -C (  1  9  ) 

1.472(3) 

C (1  9) -C ( 24) 

1.379(11) 

0  (  2  1  )  -0  (  2  2  ) 

1.258(15) 

0( 23) -0(24) 

1  .  369 ( 9 ) 

C ( 25 ) -C  (  26  ) 

1.499(9) 

C ( 26 ) -C ( 3 1 ) 

1.369(1-0) 

C ( 28 ) -C ( 29 ) 

1.352(13) 

C ( 3Q ) -C l 31 ) 

1  .  3  7  8 (  1  0) 

TAaLE  3 f  Bond  angles  (deg.) 


V; 
•  -  - 


I 


k 


> 

€■ 


C ( 2 ) -M ( 1  ) -C( 7  > 

0 ( 7 ) -M ( 1  )  -m ( 3  ; 

C  (  2  )  -  N  (  3  )  -  C  (  4  ) 

0 ( 4 ) -N  (  3 ) -M (  1  0) 

0  (  4 ) -N ( 5 ) -M ( 6  ) 

II  (  6  )  -M  (  5  )  -C  (  9) 

8 ( 5 ) -M ( 6 )  -0  (Id) 

N  (  1  )  -0  (  7  )-’.'(  5  ) 

MCI  )-N(3)-C(25) 

N  (  5  )  -  c  (  9  )  -  :J  (  3  ) 

0  (  1  0  )  -0  (  1  1  )  -0  (  1  1  ) 
0  (  1  1  ) -c (  1  1  ) -c  (  1  2  ) 

0(1  1  ) -0 (  1  2 ) -C (  17  ) 
0  (  1  2  )  -0  (  1  3  )  -C  (  1  4  ) 
0(  1  4) -C( 1  5) -C(  1  6) 
Ct  1  2)-0( 1 7)-C(  1 6) 
N  (  6 ) -C (  1  8 ) -C (  1  9 ) 
C(  1  d) -0 (  1 d) -C ( 20) 
0  (  20 ) -0 (  1  9  1-0(24) 
C( 20)-0( 21 ) -C( 22) 
0  (  2  2  )  -0  (  2  2  )  -C  (  2  4  ) 
14  (  3  )  -C  (  2  5  )  -0  (  25) 

0 ( 25 ) -C ( 25 ) -C ( 2d) 
C ( 25 ) -C ( 26 ) -0 ( 2 1 ) 
0  (  2  5  )  -C  (  2  7  )  -c  (  2  a  ) 
0(2  a ) -C ( 2  9 )  -C (  3  0 ) 
0(26) -0(31 ) -C ( JO) 


114.1(6) 

C ( 2 )  -M  (  1  ) -N ( 8  ) 

1  1  2 

1 08.5(5  ) 

8(1  )-C(2)-M(3) 

l  1  2 

114.7(6) 

C  (  2  )  -N  (  3  )  -N  CIO) 

1  1  3 

110.9(5) 

N  (  3  )  -0  (  4  )  -M  (  5  ) 

1  1  2 

112.9(5) 

C( 4) -N ( 5 ) -C ( 9) 

1  1  6 

1 09.5(4) 

N  (5  )  -tJ  (  6  )  -C  (  7  ) 

1  1  4 

122.1(5) 

C  (7  )  -N  (  6)  -C  (  1  3) 

1  22 

111.7(6) 

8(1 ) -8(3) -0(9) 

1  1  6 

123.7(5) 

C  (  9  )  -!J  (  a  )  -C  (  2  5  ) 

1  1  9 

1 09.5(5) 

8  (  3  )  -N ( 1 0 ) -0 ( 1  1  ) 

1  2  C 

121.3(5) 

N  (  1  0  )  -C  (  1  1  )  -C  (  1  2  ) 

1  1  4 

123.8(7) 

C  (  1  1  ) -0  (  1  2 ) -C ( 1  3  ) 

1  2  4 

1 17.7(7) 

C  (  1  3) -C (  1  2) -C  (  1  7  ) 

1  1  8 

119.6(10) 

0  (  1  3 ) -0 (  1  4 ) -0  (  1  5  ) 

121. 

1 19.8(8) 

C(  1  5 )-C(  1  6) -C(  1  7) 

12  1. 

120.2(9) 

N  (  6  )  -0  (  1  3  )  -0  (  1  8  ) 

•118. 

1 17.7(a) 

0  (  1  8 ) -0  (  1  3 ) -0  (  1  9  ) 

124. 

118.1(7) 

0 (  1  8 ) -C ( 1  9 ) -0 ( 2  4 ) 

123. 

1 17.7(5) 

C  (  1  3 ) -0 ( 2  0  )  -0 (  2  1  ) 

'21. 

1 19.0(9) 

0  (  2  1  )  -0 ( 2  2 ) -0 (  2  3  ) 

120. 

1 19.5(3) 

0  (  1  9 ) -C ( 24  ) -0 ( 2  3  ) 

12  1. 

116.6(5) 

8(6) -C (25) -C (26) 

l  2  " 

121.3(7) 

0(26) -0(26) -0(27) 

113. 

128.5(9) 

0  (  2  7  )  -C  (  2  6  )  -0  (  2  1  i 

117, 

120.6(5) 

0  (  2  7  )  -0  (  2  3  )  -C  {  2  9  ) 

12  1, 

1 17.9(7) 

0  (  2  9  )  -C  (  3  0  )  -C  (  2  1  ) 

12  1. 

120.9(3) 

316 


.5(5) 

.2(6) 

.4(6) 

5(5) 

,3(6) 

6(6) 

7(6) 


I  .L-*V  *  _  .  j"  _ \ 


.  - . • . * . 


TABLE  4  f  Anisotropic  tennerature  factors  (A4x10  ) 


U11 

U22 

U33 

U23 

U13 

U12 

46(4) 

7  0(5) 

53(4) 

-10(4) 

15(3) 

-1(4) 

46(o) 

7  2(6) 

67(5) 

-21(4) 

15(4) 

-15(D) 

50(4) 

57(4) 

52(4) 

-11(3) 

18(3) 

2(4) 

56(5) 

70(6) 

46(5) 

-5(4) 

20(4) 

-12(5) 

5  1(4) 

58(4) 

4  4(3) 

1(3) 

17(3) 

-2(3) 

5  4(4) 

o  6  (  4  ) 

45(4) 

-3(3) 

12(3) 

-12(4) 

53(5) 

3  0(b) 

64(5) 

-5(5) 

29(5) 

-2(5) 

5  4(4) 

6  4(4) 

58(4) 

-22(4) 

18(4) 

-18(4) 

7  3(d) 

60(D) 

68(5) 

-11(4) 

37(4) 

-11(5) 

6  0(4) 

09(5) 

63(5) 

-7(4) 

24(4) 

8(4) 

4  3(d) 

74(6) 

59(5) 

-16(4) 

18(4) 
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509(2) 

950(2) 

5  1(1) 

RSS1 

C(d  J 

1  1032  (  4) 

1795(3) 

105  1  l  3  ) 

5  9(1  ) 

W 

C  (  9  ) 

12304(4) 

1346(3) 

2420  (  2  ) 

54(1) 

C  (  1  0  ) 

9  200 (  4  ) 

3  669  (  3  ) 

352613) 

68(2) 

|v:y 

3(11) 

6  2  7  0  1  3  ! 

3  89  9 (  2  ) 

4509(2) 

98(i) 

k\.\ 

CM2) 

9840(4) 

4637(3) 

2361 ( 3 ) 

5  3(2) 

C  (  1  3  ) 

9466(6) 

4974(4) 

1395(3) 

104(2) 

C  (  1  4) 

9976(7) 

5923(4) 

1303(4) 

131(3) 

pi 

C  (  1  5) 

1  08  46 ( 5 ) 

6522(3) 

1698(4) 

110(3) 

K"n\ 

v\~ 

C  (  1  6) 
C(1  7) 

11237(5) 

■10718(4) 

6174(4) 

5  24  2 (  3  ) 

2661 ( 4) 
3259(3) 

96(2) 

31(2) 

:i(iai 

3160(3) 

-67 ( 2 ) 

2119(2) 

54(1) 

C(  1  9) 

7332(4) 

-724(3) 

4048(3) 

5  3(1) 

iic 

0(20) 

8  4  2  8  (  3  ) 

-703(2) 

4320(2) 

71(1) 

V 

•*■  .  «r* 

C  (  2  1) 

5  7  2  9  (  4  ) 

-1494(3} 

4  0  5  2  (  2  ) 

50(1) 

C  (  22) 

6882(4) 

-  2  5  3  0 (  3  ) 

4  6  2  0  (  3  ) 

72(2) 

C  (  2  3  ) 

59  29  (  5.) 

-3304(3) 

4617(4) 

85(2) 

t  .-  (,  C  (  2  4  ) 

4  812(4) 

-  3  0  4  0 (  4) 

4066 ( 4) 

33(2) 

r 

C(  25) 

4633(  4  ) 

-2002(4 ) 

3524(4) 

90(2) 

M 

•  C  (  2  6  ) 

5  59  3  (  4  ) 

-1230(3) 

3  504 (  3  ) 

73(2) 

*  C  (  2  7  ) 

1  2  48 8 ( 4  ) 

-112(3) 

-  7  8  (  3  ) 

54(1) 

Ifcy 

0  (  2  8  ) 

12137(3) 

373(2) 

-909 (  2  ) 

77(1) 

EM>  c(29) 

13515(4) 

-1  3  49 (  3 ) 

-223 ( 3 ) 

61(1) 

vfci 

.  C ( 30) 

14510(4) 

-1776(3) 

422(3) 

75(2) 

Vv\ 

C  (  3  7  ) 

15473(5) 

-  29  3  6 (  4  ) 

176(4) 

107(2) 

g 

g  C  (  3  2  ) 

1  5  4  5  3  (  5  ) 

-  3  66  0 (  4  ) 

-715(4) 

124(3) 

► . 

P  C  (  3  3  ) 

14485(5) 

-  3  2  3  2  (  3  ) 

-1362(4) 

117(2) 

!;>- 

*  C  (  3  4  ) 

13526(4) 

-2088(3) 

-1134(3) 

83(2) 

& 

■*  *  Equi 

va 

lent  isotropic  U  defined 

as  one  third 

of  the 

‘.  4\ 
fs* 

„*  trace 

i> 

of  tne  or 

thogona  1 1 s ed  Uj__; 

tensor 

(A  x :  o  ) 


fA  v 


a26 


A  A 


VrSW 


-*  -**  —  *  ■ 


*  Alt  4  * 


1WWIMMW  I  «  U"«  'J  ’V.’rjTJ  '.»J  ¥■.!  V..".- .  UVV 


TABLE  2 i  dona  lengths  (A) 


N  (  1  )  —  N  (  2  ) 

1.412(3) 

N ( 1 ) -C( 8 ) 

1 

.458(4) 

8( 1  )-C(9) 

1 . 464 ( 4 ) 

N ( 2 ) -C ( 3  ) 

1 

.  4  8  2 ( 4) 

N( 2 )-C( 1 0) 

1 .345(4) 

C{ 3)-N(4) 

1 

.  445 (  4  ) 

N( 4 ) -C ( 5) 

1  .  4  6  6  (  4  ) 

N ( 4  )  -N  (  1 8 ) 

1 

.  4  0  6  (  4  ) 

C ( 5 ) -N ( 6 ) 

1.464(4) 

N  (  6 ) -N ( 7  ) 

1 

.  4 2 6 (  4) 

N ( 6 ) -C ( 9 ) 

1.473(4) 

8(7) -C ( 8 ) 

1 

.481 ( 4 ) 

8(7) -C ( 27) 

1.337(3) 

C (  1 0) -0 (  1  1  ) 

1 

.232(4) 

C( 1 d)-C( 1 2) 

1  .  498 ( 5  ) 

C( 1 2 ) -C ( 1 3) 

1 

.347(6) 

C( 1 2 ) -C ( 1 7) 

1 . 364(6 ) 

C(1  3  )  -  C  (  1  4  ) 

1 

. 396(6) 

C( 1 4)-C( 1 5) 

1.352(8) 

C( 1 5) -C( 1 6) 

1 

.354(7) 

C( 1 6 ) -C ( 1 7) 

1.386(6) 

N  (  1  8 ) -C ( 1 9 ) 

1 

.351(4) 

C( 1 9)-G( 20) 

1.219(4) 

C( 1 9)-C<  21  ) 

1 

.490(5) 

C( 21 )-C( 22) 

1.370(5) 

C ( 2 1 )-C( 26) 

1 

.374(5) 

C( 2  2 ) -C ( 23) 

1.386(6) 

C ( 2  3 ) -C (24) 

1 

.361  ( 7  ) 

C{ 24)-C( 25) 

1 .357(6) 

C ( 2  5 ) -C ( 2  6 ) 

1 

.  3  8  3 ( 6) 

C ( 27) -0( 28) 

1.239(4) 

C  (  2  7 ) -C ( 2  9  ) 

1 

. 487(4) 

C ( 29) -C( 30) 

1  .  3 7 9 (  5) 

C(  29)-C( 34) 

1 

.391(5) 

C( 30)-C( 31 ) 

1 . 392(5) 

0(31 )-C( 32) 

1 

.  373(  8) 

C  <  3  2 ) -C (33) 

1.361(8) 

C ( 3  3 ) -C ( 34) 

1 

. 375(5) 

TABLE  31  Bond  angles  (deg. ) 


N  (  2  )  -  N  ( 1  )-C(d)  1  13. 

C  (  8 ) -N( 1  )-C( 9 )  103. 

N ( 1 )-N ( 2 )-C( 1 0)  115. 

N ( 2 ) -C (  3  )  -  N  (  4  )  1  OB . 

C(  3  )-N( 4)-N( IB)  113. 

N ( 4 ) -C ( 5 ) -N ( 6 )  113. 

C(S)-N(6)-C(9)  113. 

N  (  6  )  -  N  (  7  ) -C ( 8 )  110. 

C(8)-N(7)-C<27)  121. 

M( 1  )-C(9)-N(6)  107. 

N( 2 )-C( 1 0) -C( 1 2  )  1  1  a, 

C( 1 0)-C(  1 2  3 -C (  1  3)  1  20. 

C( 1 3)-C< 1 2 ) -C ( 17)  119. 

C ( 1 3)-C( 1 4 ) - C ( 15)  120. 

C( 1 5 ) -C ( 1 6 ) -C ( 1 7)  1 20. 

N ( 4)-N( 1 8) -C ( 1 9)  121, 

N( 1 B) -C ( 1 9) -C( 21 )  115. 

C ( 1 9) -C( 21 )-C( 22)  117. 

C( 22)-C<  21  )-C( 26)  1  1  a. 

C ( 22)-C( 23) -C( 24)  120. 

C( 2  4 ) -C ( 2  5 ) — C (  26)  1  20. 

N( 7 )-C( 27)-0( 28)  117. 

0( 28)-C( 27) -C( 29)  120. 

C< 27)-C( 29) -C( 34)  1 16. 

C(29)-C(30)-C( 31 )  120. 

C ( 3 1 )-C(32)-C( 33)  119. 

C(29)-C(34)-C( 33)  120. 


8(3) 

8 ( 2 ) -N  {  1  ) -0 ( 9  ) 

4(2) 

N ( 1 )-N( 2 ) -C ( 3 ) 

0(3) 

C  (  3  )  -N ( 2 ) -C (10) 

5(2) 

C  (  3 ) -N { 4 ) -C ( 5  ) 

7(2) 

C( 5 ) -N ( 4 ) -8  (  1  8) 

1(2) 

C(5)-N(6) -N ( 7  ) 

2(2) 

N ( 7 ) -N ( 6 ) -C ( 9 ) 

6(2) 

N ( 6 ) -8 ( 7 ) -C (27) 

0(2) 

N  (  1  ) -C ( 8 ) -N  (  7  ) 

4(3) 

N  (  2 ) -C ( 1 0 ) -O ( 1  1  ) 

6 (  3) 

0(11  )-C(10)-C(12) 

0(4) 

C{ 1 0)-C( 1 2 ) -C ( 1 7) 

0(4) 

C ( 1 2) -C ( 1 3 ) -C( 1 4) 

2(5) 

C( 1 4)-C( 1 5) -C( 1 6) 

9(5) 

C( 1 2)-C( 1 7) -C( 1 6) 

9  (  3) 

M( 1 8) -C( 1 9 )-0( 20) 

6  (  3  ) 

0 ( 20) -C( 1 9 ) -C{ 21 ) 

7  (  3) 

C( 1 9)-C( 21 )-C( 26) 

6(4) 

C ( 2 1 ) -C (22) -C (23) 

6  (  4) 

C(23)-C(24)-C(25) 

8(4) 

C( 21 ) -C( 26) -C( 25) 

1(3) 

N(7)-C(27)-C(29) 

9(3) 

C(27)-C(29)-C(30) 

2(3) 

C ( 30) -C ( 29 ) -C ( 34) 

1(4) 

C ( 30) -C ( 3 1 ) -C ( 32 ) 

4(4) 

3(4) 

C(32)-C( 3  3 ) -C ( 34) 

114.0(2) 
121.3(2) 
118.3(2) 
114.6(3) 
112.6(2) 
109.7(3) 
99.4(2) 
126.7(2) 
104.9(2) 
120.7(3) 
120.7(3) 
120.9(3) 
120.7(5) 
1 19.0(4) 
120.1(4) 
1 22. 0( 3) 
122.4(3) 
123.6(3) 
1 20. 3( 4  ) 
119.2(4) 
1  20. 4(3) 
122.0(3) 
1  25. 0( 3) 
118.7(3) 
120.5(5) 
121.0(4) 


2  3 


T A3L &  4  i 

Anuotrooic 

temper 

a  ture  factors 

(A"  x  1  0  '  ) 

a  tom 

U  , , 

U_„ 

CJ_ 

U 

0 

U 

jj 

23 

13 

12 

MU) 

64(2) 

4  9  (  2) 

39(1) 

8(1) 

-10(1) 

-16(1  ) 

N  (  2  ) 

66(2) 

43(1) 

45(2) 

2(1) 

-2(1) 

-17(1) 

0(3) 

67 (  2) 

50(2) 

43(  2) 

4(1) 

-14(2) 

-19(2) 

N(  4  ) 

63(2) 

44(1) 

42(1) 

4(1} 

-15(1  ) 

-22(1  ) 

C<  5  ) 

73(2) 

4  6  (  2  ) 

43(2) 

9(1) 

-19(25 

-17(2) 

M  (  6  ) 

o  6  (  2  ) 

54(2) 

36(1) 

12(1) 

-16(1  ) 

-18(1  ) 

M  (  7  ) 

66(2) 

5  1(2) 

32(1) 

4(1) 

-14(1) 

-5U) 

C(6) 

70(2) 

62(2) 

44(2) 

13(2) 

-18(2) 

-15(2} 

C  (  9  ) 

6  6  (  2  ) 

63(2) 

40  (  2) 

8(2) 

-16(2) 

-24 ( 2) 

C  (  1  0) 

82(2) 

55(2) 

59(2) 

-0(2) 

-5(2) 

-22(2) 

0(11) 

126(2) 

69(2) 

74(2) 

-13(1) 

18(2) 

-38(2) 

C  (1  2  ) 

86(3) 

43(2) 

54(2) 

-1(2) 

-3(2) 

-19(2) 

C(  1  3) 

1 63(4) 

88(3) 

92(3) 

30  (  2) 

-61(3) 

-64 ( 3  ) 

C(  1  4) 

222(6) 

9  2(3) 

104(4) 

44  (  3) 

-58(4) 

-65(4  ) 

C(  IS) 

182(5) 

5  8  (  3) 

80(3) 

9(2  ) 

-7(3) 

- 5  3 (  3) 

C  (  1  6) 

113(3) 

81(3) 

98(3) 

0(  3) 

-12(3) 

-  5  6  (  3  ) 

C(  1  7) 

95(3) 

7  6(3) 

75(3) 

3(2) 

-2C( 2) 

-  3  6 ( 2) 

M(1  8) 

77(2) 

60 (  2  ) 

38(1) 

15(1) 

-  23 (  1  ) 

-  3  7  (  1  ) 

0(19) 

68(2) 

5  6  (  2) 

41(2) 

12(2) 

-17(2) 

-23(2) 

0(20) 

95(2) 

95(2) 

45(1) 

26(1) 

-34(1) 

-  4  7  (  1  } 

0(21) 

5  8  (  2) 

53(2) 

39(2) 

8(1) 

-10(2) 

-21(2) 

C(  22) 

81(2) 

71(2) 

74(2) 

28(2) 

-29(2) 

-31(2) 

C  !  23  ) 

89(3) 

61(2) 

105(3) 

25(2) 

-20(3  ) 

-31  (  2.) 

C  (  2  4  ) 

73(3) 

8  8  (  3  ) 

94(3  ) 

11(2) 

-13(2) 

-45 ( 2) 

C(  25) 

73(3) 

117(3) 

99(3  ) 

30(3) 

-39(2) 

-46 ( 3  ) 

C  (  2  6  ) 

70(2) 

7  9  (  3  ) 

32(3) 

31(2) 

-30(2  ) 

-32(2) 

C(  27) 

61(2) 

64(2) 

42(2) 

b(  2  ) 

-15(2) 

-  2  7  (  2  ) 

0(28) 

103(2) 

90(2  ) 

39  (  1  ) 

5(1  ) 

-  26 (  1  ) 

-20(2) 

0(29) 

63(2) 

61(2) 

50(2) 

3(2) 

1(2) 

-21(2) 

0(30) 

71(2) 

72(2) 

67  (  2) 

7(2) 

-3(2) 

-9(2) 

C  (  3  1  ) 

77(3) 

89  (  3  ) 

120(4) 

2  6  (  3  ) 

5  (  3  ) 

2(3) 

0(32) 

1  19(4) 

60(3) 

141(5) 

4(3) 

22(4) 

-1(3} 

c  (  3  3  ) 

126(4) 

72(3) 

125(4) 

-29(3) 

8(3) 

-26(3) 

C  (  34  ) 

87(3) 

75(3) 

78(3) 

-16(2) 

-2(2) 

-31(2) 

Tile  anisocropic  temperature  factor  exponent  ta'*es  tne  form: 

7  1  7  7 

-2-~  (h~a  +  '<  t>*“u^  +  ...  -i-  2hka  *D  *  U  ) 

-A.-L  tm  4m  i-~ 


a28 


TABLE  5  1 

Hyd  rogen 

coordinates 

( x 1 0  )  and 

temperature  factors  (A  xio"*) 

a  tom 

x/a 

y/b 

z/c 

U 

H(  1  3) 

8840 

4559 

1612 

1  1  4 

H(  1  4) 

9708 

61  50 

61  2 

1  43 

H(  1  5) 

11184 

71  34 

1  301 

1  20 

H  (  1  6) 

1  1  880 

6579 

2935 

1  05 

H(  1  7) 

1  0977 

502  1 

3954 

88 

H  (  22) 

7654 

-2720 

5022 

78 

8(23) 

6057 

-4034 

5008 

93 

8(24) 

4  159 

-3581 

4061 

91 

H  (  2  5  ) 

3  8  3  1 

-1801 

3  1  49 

98 

H  (  26) 

5465 

-506 

31  05 

79 

H(  30) 

1  45  37 

-1273 

1  043 

82 

H(  31  ) 

16158 

-3231 

631 

1  1  6 

H(  32) 

16114 

-4461 

-882 

1  35 

H(  33) 

1  4472 

-3737 

-1987 

1  30 

H  (  3  4  ) 

1  2862 

-1  798 

-1605 

90 

H(  3a  ) 

9  4  3  8 (  30) 

1414(21) 

4335(22) 

58(8) 

H(  3b) 

7  88  3  (  3  1  ) 

1 900( 22) 

3991 ( 22) 

66  (  8) 

H(  5a  ) 

11154(26) 

-417(19) 

3  48  2 (  1  9) 

43(7) 

H(  Sb) 

10914(29) 

-1 065(21 ) 

2  39  7 (  22  ) 

61(8) 

H  (  8a  ) 

10010(29) 

1 886 ( 2 1 ) 

1  026 ( 21  ) 

55(8) 

8(  8b) 

1  1  6  5  7 (  33) 

2148(24) 

381(24) 

77(9) 

H(9a) 

1  3409 (  30) 

1 445(23) 

1 956(23) 

56(8) 

H  (  9  b  ) 

12158(25) 

1381(18) 

3212(18) 

37(6) 

H(  1  8) 

7 99  2 (  27) 

-225( 20) 

2498 ( 2 1 ) 

52(7) 

TABLE  1  j 

Atom  coo 

rdi nates  (xl 

0  ) 

and  tenpe 

rature  fact 

atom 

*/a 

7/b 

-/c 

uec 

3(1) 

2  2  4  0  (  2  ) 

2  8  48 (  1  ) 

6336(1 

) 

23(1)* 

C  (  2  ) 

406(  2  ) 

2943(2) 

6243(1 

) 

33(1)* 

C  (  3  ) 

350(2) 

418  0(2) 

5  468  (  1 

) 

34(1)* 

3(4) 

2116(2) 

5164(2) 

5411(1 

) 

37(1)* 

CCS) 

398  1(3) 

5024(2) 

6  0  3  0  (  1 

) 

42(1)* 

c  ( 6 : 

4  0  4  2  (  3  } 

3867  (2). 

6747(1 

) 

39(1)* 

3(7) 

1999(3) 

1  5  9  8  (  2  ) 

7508  (  1 

> 

/ 

45(1)* 

3(3) 

81(3) 

995(2) 

7315(1 

) 

52(1)* 

3  (  9  i 

-971(3) 

1806(2) 

6  5  3  5  (  1 

) 

43(1)* 

3(10} 

1093(3} 

4629(2) 

4753(1 

) 

4  5  i  1  )  * 

3(11) 

-164(3) 

5  9  0  0  (  2  ) 

4260(1 

> 

J 

52(1)* 

3(12) 

1757(3) 

6242(  2  ) 

4635(1 

) 

50(1)* 

*  2qui  vale 

n  t  i  s  o  t  r 

opic  U  defin 

,ed 

as  one 

thi 

r d  of  the 

trace  of 

the  crt 

hogonaiis ed 

U.  . 

tensor 

TA3L2  2 j  Bond  le.ngtns  (A) 


N ( 1  ) -C ( 2  ) 

N ( 1  ) -N ( 7  ) 
C(2)-H(9) 
C(3)-H(10] 
M (4 ) -N  (  1  2) 
3  17 ) -H t  8) 

N ( 1 0)-N ( 1 3 


.35v::) 
.349(2) 
.313(2) 
.315(2) 
.343(2) 
.  2  9  3  (  2  ) 
.355(2) 


3(1 ) -C ( 6 ) 

C ( 2 ) -C ( 3 ) 

C{  3 ) -3 ( 4) 

N ( 4 ) -C ( 5 ) 

C ( 5 ) -C ( 6 } 

3 (3) -3(9) 
3(1 1 )-3(1 2) 


1.391(2) 
1.426(2) 
1  .  35  2(  2  ) 
1.392(2) 
1 .323(2) 
1 .359(2) 
1 . 299 ( 2 ) 


'  A3L E  3  i 


Bond 


C ( 2  )-N (  1  )-C( 6) 

C ( 6 ) -3  (  1  )  -3 ( 7 ) 

3 (  1  ) -C ( 2  )  -3 ( 9 ) 

C  (  2  )  -  C  (  3  )  -  3  (  4  ) 

3  (  4) -C ( 3 )-3 (  1  0) 

C  (  3  )  -  3  (  4  )  -  3  (  1  2  ) 

3  (  4 ) -C ( 5 ) -C ( 5  ) 

3(1  ) -N( 7 )-3  { 3  ) 

C ( 2 ) -3 ( 9 ) -3 (  3  ) 

3 (  1  0 ) -3  (  11  ) -3 (  1  2 ) 


.as  (  deg  .  ) 

125.2(1) 
125.9(1) 
109.6(1) 
116.7(1 ) 
109.4(1) 
107. 8( 1 ) 
118.3(1) 
105.3(1 ) 
104.6(1) 
112.1(1) 


C  (  2 ) -3  (  1  ) -3 ( 7  ) 
3(1  ) -C ( 2 ) -C  (  3  ) 

C ( 3 ) -C( 2 ) -3 ( 9 ) 

C  (  2  )  -C  (  3  )  -3  (  1  0) 
C( 3 ) -3 ( 4 ) -C ( 5 ) 

C ( 5 ) -3 ( 4 ) -3 ( 1 2 ) 
3(1 )-C( 6 ) -C( 5 ) 

3( 7  )  -3 ( 3 ) -3 ( 9 ) 

C ( 3  )  -3 (  1  3 ) -3 (  1  1  ) 
3  (  4  )  -  3  (  1  2  )  -  3  (  1  1  ) 


07.8(1) 
16.6(1  ) 
33.8(1  ) 
33.9(1) 
25.0(1  ) 
2  7.2(1  ) 
13.1(1) 
1  2.  1  :  1  ) 
0  4 . 3  (  7  ) 
0  5 . 3  (  1  ) 


TABLE  4  j 

Anisotropic 

temperature  factors 

(A  xl  0 

) 

atom 

U,, 

U 

U 

U 

U 

U 

11 

22 

33 

23 

13 

'  12 

N(  1  ) 

35(1  ) 

33(1) 

32(1) 

0(  1  ) 

-1(1) 

1(1) 

C  ( 2 ) 

32(1) 

32(1) 

34(1) 

-4(1) 

-0(1) 

-0(1) 

C(  3) 

37(1  ) 

34(1) 

32(1) 

-6(1) 

-0(1) 

1(1) 

N  (  4  ) 

44(1  ) 

3  2(1) 

3  3(1) 

0(1) 

2(1) 

-3(1) 

C(  5) 

35(1) 

43(1) 

47(1) 

-3(1) 

1(1) 

-  7  (  1  ) 

C  (  6  ) 

32(1) 

43(1) 

43(1) 

-3(1) 

-2(1) 

1(1) 

N<  7) 

52(1) 

41(1) 

42(1) 

7(1) 

-0(1) 

2(1) 

N  (  8  ) 

56(1) 

4  6  (  1  ) 

54(1) 

14(1) 

3(1) 

-9(1) 

U  (9  ) 

44(1) 

45(1) 

54(1) 

5(1) 

0(1) 

12(1) 

N  (  1  0  ) 

53(1  ) 

46(1  ) 

39(15 

-2(1) 

-11(1) 

7(1) 

N  {  1  1  ) 

71(1) 

45(1) 

40(1) 

3(1) 

-7(1) 

7(1) 

N  (1  2  ) 

69(1) 

38(1) 

4  1(1) 

5(1) 

0(1) 

1(1) 

H(S) 

47 

51 

62 

1 

1  7 

H  (  6  ) 

37 

57 

53 

-  1 

-10 

0 

The  anisotropic  temperature 

factor  exponent  takes  the  form: 

2  2 

-  2  t:  (  h  a 

.2uu*k2b*2u22 

+  •  •  • 

+2hka*b*U12 ) 

TABLE  5  j 

Hydrogen  coordinates 

(  x  1  0  4)  and 

temperature  factors 

( A2x^0 

atom 

x/a 

y/b 

z/c 

u 

H  (  5  ) 

4984(3 1 ) 

58  28 (  27) 

5  964 (  1  4) 

53* 

H(  6) 

5194(29) 

3690(21 ) 

7215(14) 

49* 

Atom 

x/a 

y/b 

t/c 

~eq 

Brl 

0.1Clii(2) 

0.C6l5(2) 

1.1220(1) 

3r2 

3.39l6(2) 

0.3325(2)  . 

1.1286(1) 

4:-(i) 

.4  _ 

0.3736(12) 

0.1533(11) • 

C.9362(~) 

2.7(3) 

\T^ 

0.237- (15) 

0.3193(12)  ' 

0.3729(8) 

2.2(4; 

0.1171(12) 

0.2399(19) 

0.8356(8) 

5.9(2) 

rv/o 

0.262l( 12) 

0.9725(12) 

O.8598 (") 

5.2(2) 

32 

0.2116(15) 

-.0003(15) 

-  •  ^  ,  -  / 

-  •  9  '  4  ; 

:5 

0.5093(15) 

0.1?l9(l2) 

a 

-  •  J’"'  ^  v  ^  / 

’.3(2) 

0.3321(2; 

0.3776(2) 

0.5236(1) 

2.9(1) 

Ir2 ' 

0.0599(2) 

0.6119(2}  . 

0.6112(1) 

2 . 6  ( 1 } 

;ti* 

0.1563(12) 

0.8795(12) 

0.4302(7) 

3.0(2) 

:t2  ' 

0.3232(15) 

0.7538(19) 

0.3537(8) 

2.6(2) 

■vj  — 

0.2685(13) 

0.7989(15) 

0.3327(3) 

5.9(2) 

02' 

0.2922(15) 

0.6252(19) 

0.3252(3) 

6.2(5) 

0.19^2(16) 

1.0102(16) 

0.2362(3) 

3.2(2) 

-  f 

C5 

-.0015(16) 

0.81^2(15) 

0.27-2(9) 

3.2(2) 

Hydrogen  Coordinates 


H2 

0.251 

-.012 

0.923 

3.5 

.IO 

0.552 

0.278 

0.929 

3.6 

r.i 

0.232 

1.056 

0.229 

2.0 

:-:6' 

-  .02  6 

0.761 

0.212 

3.3 

Coordinates  are  given  for  doth  half -molecules 
remaining  half  of  each  molecule  is  generated  h; 
(l-x,  -y,  2-c  for  the  unt rimed  half -molecule ;  ■ 


he  asymmetric  unit.  The 
ystallcgraphic  symmetry 
2-y,  l-o  for  the  primed 


Equivalent  isotropic  'J  defined  as  one  third  cf  the  trace  of  the 
crthogonalised  1%.  tenser. 


_ 


Table  2  k 

Bond  lengths  (A) 

Molecule  1 

Molecule  2(’) 

3rl-C2 

1.980(9) 

1.984(10) 

3r2-C6 

1.984(10) 

1.971(10) 

N1-C2 

1.1*37(16) 

1.443(13) 

31-C6 

1.1*10(17) 

1.429(16) 

31-32 

1.41+1(1) 

1.412(11) 

32-01 

1.201(1?) 

1.198(17) 

.'12-02 

1.233(16) 

1.234(16) 

C2-C6a 

1.525(12) 

1.505(13) 

Table  3  k 

Bond  angles  (deg.) 

Molecule  1 

Molecule  2( ' ) 

C2-N1-C6 

123.6(8) 

122.4(8) 

C2-N1-N2 

113.1(9) 

115.3(9) 

C6-31-N2 

117.3(9) 

117.4(10) 

31-32-01 

117.2(10) 

117.7(11) 

31-32-02 

113.9(11) 

113.9(10) 

01-32-02 

128.8(9) 

128.3(9) 

Brl-C2-31 

113.9(7) 

113.6(7) 

Brl-C2-C6A 

108.9(6) 

109.0(7) 

31-C2-C6a 

109.2(9) 

110.6(10) 

3r2-C6-Nl 

114.6(6) 

113.3(7) 

Br2-C6-C2A 

108.7(7) 

108.4(6) 

B1-C6-C2A 

111.2(10) 

111.2(10) 

a33 

.  J  m  7**  ■  •  •  *  '  \ 

V.V.V/A  .V. 

Oi  M> 


4  °  3 

TABLE  ll  Atom  coordinate*  (xlO  )  and  ttaperatore  factor*  (A~xlO  ) 


atoa 

jfo 

*  /c 

Ogq 

H(l) 

-328(3) 

629(4) 

2225(1) 

48(1)* 

C(  2 ) 

-1052(4) 

874(5) 

1789(2) 

47(1)* 

5(3) 

-526(3) 

1064(4) 

1274(1) 

47(1)* 

C(4) 

-390(4) 

2381(4) 

1019(2) 

46(1)* 

5(5) 

-1267(3) 

2767(4) 

662(1) 

44(1)* 

C(6) 

-1350(4) 

2312(5) 

114(2) 

45(1)* 

5(7) 

-1120(3) 

3356(4) 

-283(1) 

59(1)* 

C(10) 

186(4) 

1667(5) 

2468(2) 

46(1)* 

0(11) 

65(3) 

2865(3) 

2321(1) 

57(1)* 

C(12) 

877(5) 

1271(6) 

2923(2) 

72(2)* 

5(13) 

-80(3) 

-76(4) 

1043(2) 

55(1)* 

0(14) 

356(3) 

67(4) 

608(1) 

71(1)* 

0(15) 

-161(3) 

-1172(4) 

1286(2) 

71(1)* 

5(16) 

-2058(3) 

3585(4) 

855(2) 

51(1)* 

0(17) 

-2714(3) 

4034(4) 

538(1) 

69(1)* 

0(18) 

-2063(3) 

3821(4) 

1337(1) 

70(1)* 

5(19) 

-57(4) 

3642(4) 

-382(2) 

70(2)* 

0(20) 

609(3) 

3127(4) 

-84(2) 

82(1)* 

0(21) 

144(4) 

4396(4) 

-756(2) 

112(2)* 

0(3) 

-1922(5) 

3880(6) 

-627(2) 

104(2)* 

0(9) 

-1702(5) 

3723(6) 

-1177(2) 

84(2)* 

0(22) 

-2246(6) 

2481(7) 

-1280(3) 

53(2)* 

0(23) 

-2774(6) 

1916(7) 

-929(2) 

78(2)* 

0(24) 

-2295(8) 

2064(10) 

-1857(3) 

89(3)* 

0(9a) 

-2113(9) 

2692(11) 

-1005(3) 

103(3)* 

C( 22a  ) 

-2590(8) 

2593(3) 

-1518(3) 

106(3)* 

0 ( 2  3a  ) 

-2521(16) 

3792(4) 

-1674(4) 

265(3)* 

C( 24a) 

-2199(12) 

1383(4) 

-1840(5) 

75(3)* 

*  Equivalent  isotropic  0  defined  as  one  third  of  the 
trace  of  the  orthogonalised  ttj  tensor 


TABLE  2 1  Bond  lengths  (A) 


N(l)-C(2) 

1.434(6) 

N(l)-C(10) 

1.338(6) 

C(2)-N(3) 

1.460(6) 

W(3)-C(4) 

1.438(6) 

H(3)-N(13) 

1.364(6) 

C( 4)-H(5) 

1.458(6) 

N(5)-C(6) 

1.447(5) 

N(5)-H(16) 

1.351(5) 

C(6)-N(7) 

1.448(6) 

N(7)-!f(19) 

1.370(7) 

N(7)-C(8) 

1.413(7) 

C( 10)-0(11) 

1.228(5) 

C(1Q)-C(12) 

1.479(7) 

N(13)-0(14) 

1.225(6) 

N(13)-0(15) 

1.228(6) 

N(16)-0(17) 

1.217(5) 

N(1S)-0(18) 

1.231(5) 

N(19)rO(20) 

1.221(6) 

H(19)-0(21) 

1.216(6) 

C(8)-0(9) 

1.413(7) 

C(8)-0(9a) 

1.509(11) 

0(9)-C(22) 

1.404(9) 

C(22)-0(23) 

1.226(10) 

C(22)-C(24) 

1.504(10) 

0(9a)-C(22a) 

1.421(12) 

C(22a)-0(23a) 

1.229(6) 

C( 22a) -C( 24a) 

1.504(10) 

a35 


' — !  '  I  ~W  IT  I* 


rT  (  "W  V"*-  '  WV*'1'!1  V 


TU'I"  <r 


TA3L2  2  I  3oad  aa^ie*  (dej.) 


C(2)-H(l)-C(  10) 

121.5(4) 

S(l)-C(2)-S(3) 

114.5(4) 

C< 2)-S(3)-C(4) 

123.9(4) 

C( 2 ) -N( 2 ) -fl ( 1 3  ) 

117.0(4) 

C(A)-N(3)-H(l3) 

113.9(4) 

3<3)-C(4)-H(3) 

114.4(4) 

C(4)-S(5)-C(6) 

123.9(3) 

C(4)-H(5)-3(16) 

113.3(3) 

C(6)-H<5)-»(16) 

117.3(3) 

H(5)-C(6)-S(7) 

115.2(4) 

C(6)-S(7)-H(19) 

117.2(4) 

C(6)-H(7)-C(3) 

122.2(4) 

H(19)-H(7) -C(3) 

119.5(4) 

3(1) -0(10) -0(11) 

121.1(4) 

S(l)-C(10)-C(12) 

115.7(4) 

0(11)-C(10)-C(12) 

123.3(4) 

S(3)-N(13)-0(U) 

117.7(4) 

H(3)-N(13)-0(15) 

117.2(4) 

0(14)-S(13)-0(15) 

125.  1(4) 

H(5)-S(I6)-0(17) 

117.5(4) 

S(5)-S(16)-0(18) 

117.7(4) 

0(17) -H (16) -0(13) 

124.3(4) 

N(7)-H(i9)-0<20) 

117.3(4) 

N (7) -H (19) -0(21) 

117.4(5) 

0<:0)-H<19)-0<21) 

125-3(3) 

S(7)-C(3)-0(9) 

115.0(5) 

3(7)-C(8)-0(3a) 

102.7(6) 

0(9)-C(22)-0(2 3) 

120.6(7) 

C(3)-C(9)-C(22) 

ICO. 3(5) 

0(23)-C(22)-C(24) 

123.2(7) 

C(9)-C(22)-C(24) 

115.3(7) 

C(3)-0(9a)-C(22a) 

133.2(3) 

0(9a)-C(22a)-0(23a) 

0(23a)-C(22a)-C(24a) 

101.3(3) 

123.0(9) 

0 ( 9a) -C ( 22a ) -C ( 2  4a ) 

112.9(3) 

L. 

7A32Z  4  j 

Anisotropic 

taape  r 

aCure  factor 

a  (A-  xiO-  ) 

[* 

atom 

U  , 

0 

?? 

Vi  ,  „ 

TJ 

rr 

^2 

r* 

w 

i  «  ■< 

3(1) 

66(2) 

24(2) 

44(2) 

1(2) 

-9(2) 

-2(2) 

■  V  ■ 

2(2) 

47(3) 

44(3) 

51(2) 

-10(2) 

6(2) 

-4  (  2  ) 

3(3) 

6  3(2) 

40(2) 

37(2) 

-1K2) 

-1(2) 

15(2) 

£jl 

C  (  4  ) 

43(2) 

4  4(3) 

44(2) 

-10(2) 

-  i  f  r  \ 

*  K  *•  J 

6(2) 

3(5) 

51(2) 

44(2) 

3  6(2) 

-6(2) 

-2(2) 

16(2) 

C  (  6 ) 

34(3) 

42(2) 

40(2) 

-4(2) 

-3(2) 

3(2) 

3(7) 

30(3) 

55(2) 

43(2) 

6(2) 

-3(2) 

*  1  /  •  \ 

\  -  / 

C(10i 

62(3) 

42(2) 

36(2) 

-5(2) 

1(2) 

6(2) 

\  /*La 

0(11) 

31(2) 

37(2) 

54(2) 

-1(2) 

-13(2) 

-5(2) 

M 

C  (  1 2  ) 

94(4) 

61(3) 

52(3) 

-2(3) 

-20(3) 

7(2) 

*  y  n 

3(13) 

65(2) 

50(2) 

50(2) 

-11(2) 

-10(2) 

17(2) 

0(14) 

93(3) 

66(2) 

50(2) 

-12(2) 

11(2) 

29(2) 

0(15) 

93(3  ) 

43(2) 

71(2) 

-2(2) 

-15(2) 

11(2) 

3(16) 

30(2) 

33(2) 

43(2) 

-6(2) 

3(2) 

16(2) 

0(17) 

50(2) 

3  2(2) 

64(2) 

-6(2) 

-10(2) 

34(2) 

0(13) 

73(2) 

37(2) 

5  0(2) 

-13(2) 

5(2) 

23(2) 

3(19) 

109(3) 

30(3) 

51(2) 

*  -  V  *■  / 

22(3) 

-1(3) 

0(2  0) 

74(2) 

100(3  ) 

71(2) 

-12(2) 

'  V  *•  / 

-16(2) 

L*V' 

C'v’" 

0(21) 

173(4) 

6  3(2) 

91(3) 

1  «  (  ">  > 

•  y  '  *•  / 

57(3) 

-6  (  5  ) 

r  •  »  - 

2(3) 

153(4) 

i  1  5  <  4  ) 

44(3) 

7(3) 

1(2) 

7  3(4) 

K-S- 

0(9) 

105(4  ) 

72(4) 

74(4) 

41(3) 

-3(4) 

-13(3) 

c  {  n  *  \ 

22(2  ) 

31(3) 

104(5) 

-15(1' 

-24(4) 

-14(3) 

0(23) 

3  9(4) 

7  2(4) 

72(4) 

•  i  7  (  2  ) 

-11(4) 

-3  (  3  ) 

2(24) 

73(5) 

93(5) 

98(5) 

3  7(3) 

21(5) 

7  4(5) 

n.  *  .  * 

0  (  9  a  ) 

107(5) 

160(5  ) 

41(4) 

-  4  6  (  4  ) 

-54(4) 

4  9  (  5  ) 

C(22a) 

40(5  ) 

49(5) 

223(5) 

-11(6' 

-23(6) 

15(3) 

►  ■ 

0 ( 2  3a  ) 

643(c) 

63(5) 

34(5) 

4(4) 

-147(5) 

2  7(6) 

C  (  2  4a  ) 

•33(5) 

3  7(6) 

54(3) 

4(5) 

-17(5) 

2  5(3; 

k: 

The  an i 30 

tropic  : ja?4 

nature 

factor  enpoa 

eat  t  a  x  e  3 

the  fora: 

-2-:  (h:a* 

-  C  , .  Hr  b*:  U_ 

„  f  .  .  . 

>2hka*b*L\,  ) 

•i 

r.%7 

a3S 

L-V.  *v>  ->  "  j- 

.■’•'■Vv  "■  v/ 

<«**  *■’  «* 

.  *■  v  *•  ,  V»  « 

ha  ha (halw. 

;--\S.'\v. 
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TA3LE  5 1 

8yd  rogen 

coordinates 

(xlO4)  and 

temperature  factors  (A2xl02) 

•  tom 

x/a 

7/b 

*/c 

V 

H(l) 

-208 

-299 

2344 

45 

H(2a) 

-1530 

98 

1762 

45 

H(2b) 

-1461 

1690 

1867 

45 

H  (4*  ) 

-334 

3072 

1292 

39 

H(4b) 

265 

2356 

816 

39 

H  ( 6  a  ) 

-853 

1565 

64 

48 

H  (6  b) 

-2072 

1989 

57 

48 

H( 12a) 

1240 

421 

2843 

70 

H( 1 2b) 

440 

1152 

3235 

70 

3 ( 1 2c ) 

1401 

1981 

2987 

70 

E(8a) 

-2611 

3439 

-541 

112 

H  (8  b) 

-1936 

4855 

-562 

112 

H(8a'  ) 

-2536 

4182 

-426 

112 

H(8b'  ) 

-1635 

4641 

-827 

112 

H ( 2  4a ) 

-2681 

1212 

-1898 

91 

H( 24b) 

-1567 

1947 

-1979 

91 

H(24c) 

-2641 

2771 

-2063 

91 

H( 2  4x) 

-1967 

625 

-1622 

90 

H(24y) 

r  1 681 

1541 

-2118 

90 

H(24z  ) 

-2886 

1171 

-1996 

90 

TA3L2 

i  m 

Atom  coo 

roi nates  ( x 

1  O^ )  and  tanpera 

tare  f  a  c 

a  tom 

x/a 

y  / 'a 

=/c 

a  ac 

N  (  1  ) 

2  3  6  7 ( 3) 

1  3 69  (  1  ) 

2528(25 

47(1) 

C  (  2) 

3136(4) 

1  823(1  ) 

3 49  3 (  2  ) 

46(1) 

Jl{  3) 

3  25  0  (  3  ) 

2513(1  ) 

3113(2) 

40(1) 

C(  4) 

4377(3) 

2  79  3  (  1  ) 

2614(2) 

38(1) 

H  (  5  ) 

5357(2) 

3312(1) 

3369(2) 

35(1) 

C  (  5  ) 

5753(3) 

4011(1  ; 

3  020 (  2  ) 

40(1) 

H  (  7  ) 

7  499 (  3  ) 

4  232 (  1  ) 

2  6  7  7  (  2  ) 

44(15 

C(  3} 

3  5  7  7  (  4  ) 

4  79  0 (  1  ) 

3417(3) 

49(1) 

N  (  9  ) 

3070 (  3  ) 

5  46  2 (  1  ) 

3  0  5  3 (  2  ) 

49(1) 

C  (1  0) 

3  39  0 (  3  ) 

1113(1) 

1  665 ( 2  ) 

4  5(1) 

0(71) 

4  99  0 (  3  ) 

1321(1) 

1 536(  2  ) 

5  1(1) 

C  (  1  2) 

2  499 (  4 ) 

537(2) 

322 ( 3) 

65(1) 

1  3  ) 

1 660 < 3 ) 

2393(1) 

3006(2) 

46(1) 

0(14) 

213(2) 

2597(1) 

3165(2) 

62(1) 

0(15) 

1301(35 

3435  {  1  ) 

2774(  2  ) 

57(1  ) 

H  <  1  6  ) 

6306( 3 ) 

3149(1) 

4433(2) 

39(1) 

C(  1  7) 

a  7  3  3  (  3  ) 

2556(1) 

4831 ( 2) 

51(1) 

0(13) 

7 66  5 (  2  ) 

2599(1) 

5062(2) 

51(1) 

N  {  1  9  ) 

79 5 5 (  3  ) 

4141(1) 

1 500( 2 ) 

47(1) 

0(20) 

7  046 (  3) 

3710(1) 

911(2) 

65(1) 

0(21) 

9234(3) 

4467  (  1  ) 

1129(2) 

61(1) 

C  (  2  2  > 

6701(4) 

5795  (  1  ) 

3540(  3  ) 

49(1) 

0(23) 

5761(3) 

5 5  29 (  1  ) 

4291  ( 2  ) 

6  6(1) 

C(  24) 

6387(5) 

650  2 ( 2) 

3095(3) 

64(1) 

S  (  1  '  ) 

7453(3) 

1  47  0 (  1  > 

-239 (  2  ) 

51(1) 

C(  2*  ) 

8  3  34 (  4) 

2  09  0 (  2) 

1(2) 

49(1) 

N  (  3  '  ) 

8202(3) 

2  5  7  2  {  1  ) 

-1034(2 ) 

44(1) 

C  (  4’  ) 

9575(3 ) 

2  7  2  7  (  1  ) 

-1 302( 2) 

40(1) 

8  (  3  ’  ) 

1 0597( 3 ) 

3359  (  1  ) 

-1514(2) 

42(1) 

C<6  '  ) 

10515(3) 

3922(1) 

-2365(2) 

40(1} 

N  (  7  •  ) 

12199(3) 

40  29 (  1  ) 

-  298  5 ( 2) 

44(1) 

C  (  3  1  ) 

1  3  4  46 (  3) 

4592  (  1  ) 

-2757(3) 

49(1) 

N  (  9  '  ) 

13180(3) 

5117(1  ) 

-3637 ( 3) 

50(1) 

C{  1  0* 

) 

3070(4) 

1  027  (  1  ) 

-1  090 ( 3  ) 

43(1} 

0(  1  1  ‘ 

) 

9411(3) 

1170(1) 

-1  6  6  9 (  2  ) 

5  9(1) 

C  (  1  2  ' 

) 

7072(4) 

373(2) 

-1253(4) 

65(1) 

H{  1  3’ 

) 

5530(3) 

2371(1) 

-1 346(2) 

43(1) 

0(14’ 

) 

5241(3) 

2  6  7  4 (  1  ) 

-73  2  (  2  ) 

66(1) 

0(15’ 

) 

b  4  2  9  (  3  ) 

3  299(  1  ) 

-2162(2) 

63(1) 

M  (  1  6  ’ 

) 

1  1  7  32(3  ) 

3404  (  1  ) 

-429(2) 

44(1) 

0(17' 

1  131-4(3) 

2912(1  ) 

272(2) 

57(1) 

0(13' 

) 

1  2641  ( 3  ) 

3  9  2  0  (  i  ) 

-223 (  2  ) 

5  6(1) 

H  (  1  9  ‘ 

) 

1  2561  (  3  ) 

2591  (  1  ) 

-3902(2) 

46(1) 

0(20* 

) 

11627(3) 

2085(15 

-  4  0  3  0  (  2  ) 

53(1) 

0(21' 

) 

13319(3) 

3750  U  ) 

-4527(2) 

63(1) 

C  (  2  2  ' 

) 

1192514) 

5  5  6  6  (  1  ) 

-2652(3) 

55(1) 

0(23’ 

\ 

t 

10743(3) 

5526(1) 

-2326(3) 

3  1(1) 

C  (  24' 

) 

1  1690(4; 

6  10  1  ( 2  ) 

-4640(4) 

6  5(1  ) 

*  " 

i  va 

1-5  r.  t  isotr 

c p:c  0  cg;i 

r.ad  do  one  t  n  i  r  d 

c:  t e 

trace 

o:  the  o r t 

nogcnaltsed 

U  .  t  s  n  3  c  r 
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TABLE  2 m  Bond  lengths  (A) 


.  'V 


N( 1 )-C( 2 ) 

1 .441 ( 3) 

N(D-CdO) 

1.341(4) 

C(2)-N(3) 

1.451(3) 

N(  3)-C(4) 

1 . 454 (  3  ) 

N(3)-N( 1 3) 

1  .  3  6  9  (  3  ) 

C ( 4 ) -N ( 5  ) 

1.452(3) 

M(5)-C(6) 

1 . 445 ( 3 ) 

M(5)-H(16) 

1.354(2) 

C  (  6  )  -  N  (  7  ) 

1 . 4S8( 3 ) 

N(7)-C(B) 

1 .461 ( 3) 

M  (  7  )  — N  (  1  9  ) 

1 . 364(3) 

C ( 8 ) -N ( 9  ) 

1.436(4) 

N ( 9 ) -C (22) 

1 . 345(4) 

C( 1 0)-0< 1  1  ) 

1.239(3) 

C(10)-C112) 

1 . 494(4 ) 

N{  1  3 ) -0 ( 1 4) 

1 . 230(3) 

N( 1 3 ) -O ( 15) 

1.216(3) 

N  (  1  6 ) -0 ( 1 7) 

1.225(3) 

N( 1 6) -0( 1 8) 

1  .  2  20 (  3 ) 

N  (  1  9 ) -0 ( 20) 

1.218(3) 

N(  1 9) -0<  2 1  ) 

1 . 232(3) 

C  (  2  2 ) -0 (  23) 

1 .229(4) 

C ( 2  2 ) -C ( 24 ) 

1.500(4) 

N  (  1  *  ) -C ( 2  '  ) 

1.429(4) 

N ( 1  '  )-C ( 1  O'  ) 

1.341(4) 

C(  2  '  )-J)  (  3  '  ) 

1.463(4) 

N ( 3 '  )-C ( 4'  ) 

1 . 44 8 (  3  ) 

N  (  3  ’  )  -N  (  1  3  *  ) 

1 . 358(3) 

C(  4*  )-Jl  (  5'  ) 

1  .  447(  3  ) 

N  (  5 '  ) -C ( 6  '  ) 

1.444(3) 

N  (  5  *  ) -N ( 1 6 '  ) 

1 . 353(3 ) 

C(6  '  )-N (7 ‘  ) 

1.465(3) 

N ( 7 '  )  -C ( 8  '  ) 

1 . 446(3 ) 

N(7‘ )-N(1 9* ) 

1.361 (3) 

C ( 8 '  )  -N ( 9  '  ) 

1 . 444(4 ) 

N(9'  )-C(22‘  ) 

1.334(4) 

C( 1 0'  )-0( 1 1 '  ) 

1 . 240(4) 

C(10')-C(12') 

1 . 487(4) 

N( 1 3' )-0( 14') 

1 . 229 ( 3 ) 

N(  1  3*  )-0( 1 5*  ) 

1.220(3) 

N( 1 6' )-0( 1 7' ) 

1 . 230(3) 

H(  1  6'  )-0(1 3*  ) 

1.222(3) 

N( 19*  )-0(20'  ) 

1.216(3) 

N( 1 9 '  )-0( 2 1 '  ) 

1.229(3) 

C( 22' )-0( 23*  ) 

1.241(4) 

C(22')-C(24') 

1.499(5) 

TABLE  3  (T)  Bond  angles  (deg.) 

C( 2  )-N( 1  )-C( 1 0)  121.9(2) 

N  {  1  ) -C { 2 ) 

-M(3) 

C ( 2  )  -N ( 3  )  -C ( 4 ) 

1 22.6(2) 

C(2)-N{3) 

-N( 1 3) 

C(4)-N( 3)-N( 1 3)  118.1(2) 

S< 3)-C(4) 

-N(5) 

C ( 4  )  -N  l  5 ) -C ( 6 ) 

122.5(2) 

C(4) -N(5) 

— N (16) 

C( 6) -N( 5 ) -N( 1 6)  117.9(2) 

N(5 ) -C(6) 

-N<7) 

C(6)-N(7) -C ( 8 ) 

123.3(2) 

C  (  6 ) -N ( 7  ) 

“N (19) 

C(8)-N(7)-N( 19)  118.3(2) 

N ( 7 ) -C ( 8  ) 

-N(9  ) 

C(8)-N(9)-C(22)  122.4(2) 

S(1)-C(10)-C(12)  116.5(2) 

N ( 3 ) -N ( 1 3 ) -0( 1 4) 

0< 1  4 )  -N  { 1  3  )  -0 (  1 5) 

N ( S ) -N l 1 6 ) -0 ( 1 8) 

N(7)-N( 1 9 ) -O (20) 

O ( 20 ) -N ( 1 9)-0(21 ) 

N ( 9 ) -C { 2  2 ) -C ( 24) 

C( 2 '  )-N( 1  '  )-C( 1  O'  ) 

■N  (  3  ' 

-M  (  3  ' 

I  — N  (  5  ' 
i-N  (  5  * 

■N  (  7  * 

1  -N  (  7  ' 
i-N  (  9  • 


) 


)-C(4*  ) 

)  -  N  {  1  3  ' 
>-C(6*  ) 
)-N( 16'  ) 

)  -C  (  8  '  ) 

) -N ( 1 9 ' ) 
)-C( 22'  ) 

) -C ( 1  O'  ) -C ( 1  2'  ) 
) - N (  1  3'  )-0(l 4'  ) 
0(14'  )-N(  1  3'  )  -O  (  1  5' 
N  (  5  '  ) — N ( 1 6 '  1-0(18'  ) 
N  (  7  '  ) -N ( 19'  ) -0 (20'  ) 
0(20'  )-N( 1 9’  )  -O (21  ' 
N  (  9 '  ) -C ( 2  2 '  ) -C ( 2  4'  ) 


C  (  2  '  ) 
C(  4'  ) 
C(  4' 

C  (  6  ' 

C  (  6  ' 

C  (  8  * 

C  (  3  ' 
N(  1  ' 
N<  3  ' 


115. 
1  25. 

116. 
116. 
1  26. 

115. 

121. 

123. 
117. 

124. 
117. 
124. 
117. 
121. 

117. 

116. 

1  26. 

118. 
117. 
1  26. 
117. 


6(2) 
9(2) 
8(2) 
8(  2) 
2(2) 
9(3) 
9(2) 
9  (  2  ) 
3(2) 
0(2) 
8(2) 
9(2) 
2(2) 
0(3) 
4(3) 
3(2) 
2(2) 
1(2) 
9(2) 
2(2) 
0(3) 


N ( 1 ) — C (10) -O (11) 
0(1 1 )-C(10)-Cl 12) 
N { 3 ) -H { 1 3)-0( 1 5 ) 

N  (  5  )  -N  (16)  -O  (17) 
0< 1 7) -N ( 1 6) -0( 1 8) 
N ( 7 ) -N (19) -O (21) 

N ( 9 ) -C ( 22) -0( 23 ) 
0(23)-C(22)-C(24) 
N  (  1  '  )  -C  {  2  '  )  — N  (  3  '  ) 
)  -N ( 3 '  ) -N (13’ 
) 

) 

) 

) 

) 


C(  2' 
m  3 ' 
C(  4  ’ 
N  (  5  ' 
C  (  6  ’ 
N  (  7  ' 
N  (  1  ’ 
0(11 
N  (  3  ' 
N  (  5  ' 
0(17 
N  (  7  ' 
N  (  9  ' 


) 


~C(4 • )-H(5  *  > 
-N(5 '  )-N{ 16*  ) 
-C ( 6 ' ) -N ( 7  ’  ) 
-N ( 7 '  ) -N ( 1 9 '  ) 
-C ( 8 ' ) -N ( 9  *  ) 


1  15.5(2) 
118.3(2) 
115.7(2) 
119.4(2) 
113.7(2) 
117.3(2) 


113, 
121  . 
1  22, 
117, 
1  17, 


)-C( 1  O'  )-0( 1 1 '  ) 

'  )-C(1 O’  )-C( 1 2’  ) 
)-N { 1 3'  )-0( 1 5* ) 

) -N ( 1 6'  ) -O ( 1  7  '  ) 

’  )  -N ( 1 6 '  ) -0< 1  8 '  ) 
)-N( 1 9* )-0(21 ' ) 
)-C(22'  ) -C ( 23  *  ) 


4(2) 

0(2) 

5(3) 

5(2) 

4(2) 


125.9(2) 
117.0(2) 
121 . 4 ( 3) 
122.7(3) 
1  13.9(2) 
718.7(2) 
114.6(2) 
117.9(2) 
1  14.7(2) 
117.8(2) 


1  1  4. 
1  19. 
1  22. 
117. 
116. 
125. 


5(2) 

9(3) 

7(3) 

5(2) 

6(2) 

3(2) 


0(23'  )-C(22'  )-C(24'  ) 


115.9(2) 
120.4(3) 
122. 6( 3) 


a39 
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TA3L  Z  4  m  An  ;jo::od:c  t*isp«ra  tare  factors  (  A"  xl  C'  } 


atom 

Uil 

U22 

ft 

'“33 

U,, 

U.  . 

U,  , 

X  (  t  ) 

29(1) 

47(1) 

5  7(1) 

-7(1  ) 

16(1) 

-1  4M  ) 

C  (  2  ) 

4  3  (  1  ) 

43(1) 

42(1) 

3(1) 

10(1) 

-a ( i ) 

S  (  2  ) 

32(1) 

4  1(1) 

49(1  ) 

-1(1) 

9(1) 

-5(1) 

CU) 

38(1) 

40(1) 

39(1  ) 

-3(1) 

10(1) 

-6(1) 

H(  S  ) 

2  5(1) 

34(1) 

3  6  (  1  ) 

1(1) 

3(1) 

-3(1) 

C  (  5  } 

33(1) 

37(1) 

45(1) 

1(1) 

11(1) 

-3(1) 

li  (  7  ) 

50(1) 

40(1) 

44(1) 

-2(1) 

15(1) 

-11(1) 

C{  3  ) 

47(1) 

45(1) 

55(1) 

-2(1) 

9(1) 

-9(1) 

N  (  9  ) 

56(1) 

2  9(1) 

57(1) 

-0(1) 

22(1) 

-12(1) 

2(10! 

47(1) 

42(1) 

48(1) 

1(1) 

1  OM  ) 

-5(1) 

0(11) 

50(1) 

65(1) 

70(1) 

-10(1) 

2  7(1  ) 

-14(1) 

CM2! 

5  9(2) 

63(2) 

73(2) 

-21(2) 

11(1) 

-5(1) 

N  M  3  5 

3  7(1) 

55(1) 

47(1) 

-9(1) 

6  (  1  ) 

-2(15 

Q  M  4 ) 

36(1) 

78(1) 

74(1) 

-9(1) 

15(1) 

-10(1) 

CMS) 

52(1) 

55(1) 

64(1  ) 

-2(1) 

7(1) 

10(1) 

Nil  6) 

34(1) 

42(15 

41(1) 

-1(1) 

3(1) 

2(1) 

CM  7) 

56(1) 

44(1) 

52(1) 

11(1) 

4(1) 

6(1  ) 

CM3) 

49(1) 

5  6(1  ) 

46(1) 

-4(1) 

-1(1) 

-10(1) 

N  M  9  J 

51(1) 

45(1) 

49(1) 

2  (  1  ) 

17(1) 

-2(1  ) 

0(20 ) 

74(1) 

72(1) 

51(1) 

-15(1) 

1  9M  ) 

-13(1) 

0(21) 

53(1) 

64(1) 

67  (  1  ) 

12(1) 

2  9(1) 

-  7  (  1  ) 

C',22) 

59(2) 

42(1) 

4  3  (  1  ) 

-3(1) 

12(1) 

-8(1) 

0(22) 

75(1) 

55(1) 

7  4  (  1  ) 

5(1  ) 

38(1) 

-4(1  ) 

C  (  24) 

3  6  (  2  ) 

47(2) 

63(2) 

-CM  ) 

15(2) 

-1(2) 

N(1  ’  ) 

5  2(1) 

47(1) 

60(1) 

4(1) 

22(1) 

-2(1  ) 

C  (  2  *  ) 

56(1) 

51(2) 

4  3(1) 

-1(1) 

15(1) 

2(1) 

N  (  3  '  ) 

3  7(1) 

45(1) 

51(1) 

2(1) 

14(1) 

4(1) 

0(4’  ) 

3  9(1) 

44(1) 

3  9(1) 

-4(1) 

11(1) 

-Id) 

MIS’  ) 

4  1(1) 

51(1) 

23(1) 

0(1) 

4(1) 

-3(1) 

C  (  5  •  ) 

36M) 

42(1) 

44(1) 

-2(1) 

11(1) 

4M  ) 

N  (  7  ’  ) 

45(1) 

41  M  ) 

43(1) 

-3(1  ) 

19(1) 

2(1) 

C  £  3  ’  ) 

4  2(1  ) 

49(1) 

56(1) 

0(1) 

1  1  M  ) 

2(1) 

NO  1  ) 

46(1) 

4  1(1) 

59(1) 

1(1) 

24  (1  ) 

3(1) 

CI101  ) 

43(1) 

43(1) 

60(2) 

8(1) 

1  4(1  ) 

8(1) 

0(11') 

5  9(1) 

47(1) 

77(1) 

-2(1) 

36(1) 

5(1  ) 

C  (  1  2  1  ) 

54(2) 

44(2) 

99(2) 

2(2) 

13(2) 

3(1) 

N  M  3  ’  > 

41(1) 

48(1) 

57(1) 

-9(1) 

10(1  ) 

2(1) 

CM  4’  ) 

44(1) 

68(1) 

90(1) 

-15(1  ) 

27(1) 

-3(1) 

0(1  5’  ) 

SIM) 

76(2) 

67(1) 

10(1) 

5(1) 

22(1) 

SMS'  ) 

35  (  '  ) 

6  2(1) 

37(1) 

-3(1) 

3(1) 

-2(1) 

0(17'  ) 

4  9(1  ) 

3  C  (  1  ) 

4  0(1) 

1  4  M  ) 

3(1) 

—  -7  »  *  \ 
~  J  \  ■  t 

C  M  8  ‘  ) 

49(1) 

57(1) 

51  M  ) 

-15(1) 

311) 

-11M) 

N  (  1  9  '  ) 

50(1) 

47(1) 

4  2(1! 

1(1) 

12(1! 

10(1) 

0(20'  ) 

67(1) 

52(15 

5  6(1) 

-11(1) 

15(1) 

1M) 

c  c  2 1 '  ; 

6  6(1) 

58(1) 

60(1) 

2(1) 

24(1) 

7(1) 

c  (  2  2  '  ) 

4  *  (  1  ) 

3  9(1) 

35(2) 

1  M  ) 

16(1) 

- 1  M  ) 

0(23'  : 

53(1) 

63(1) 

122(2) 

21(1) 

5  3(1) 

2  3(1) 

0(24'  ) 

5  4(3) 

45(2) 

97(2) 

10(2) 

12(2) 

-1(1; 

The  ana 

sotrcoic  c 

erxpe  r  a  tu  r  e 

fact”  expcne 

n:  takes 

the  form: 

-2"  “(  h“a*“  U,.  -*•*  r>*-U_  + 
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-2hxa*b*0  ) 
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TABLE  5m  Hydrogen  coordinates  (xIO  )  and  temperature  factors  ( A2  x  1 Q3  ) 


a  tom 


I 


l« 

v 


! 


t 


H  (  1  ) 

1381(33) 

H(2a) 

2377 

H(  2b> 

4369 

H  (  4a ) 

4486 

H(  4b) 

5732 

H(6a) 

4825 

H  (  6  b  ) 

5396 

H(8a) 

9866 

H  (  8  b  ) 

8389 

H  ( 9 ) 

8678(38) 

H{ 1 2a) 

1  284 

H ( 1 2b) 

3246 

H( 1 2c) 

2395 

H( 24a  ) 

6289 

H( 24b) 

7456 

H( 24c) 

5291 

H  (  1  *  ) 

6635(33) 

H  (  2  *  a  ) 

7877 

H(2‘ b) 

9681 

H  (  4  *  a  ) 

9153 

H  (  4  *  D  ) 

1  0589 

H  (  6  1  a  ) 

9498 

H  (  6  1  b ) 

1  0293 

H(8 1  a) 

1  4697 

H  {  8  1  b  ) 

1  3267 

H  {  9  *  ) 

1 3903(36) 

H( 1  2d) 

5855 

H( 1 2e ) 

7798 

H ( 1 2f  ) 

6970 

H( 24d) 

1  1  745 

H ( 2  4e  ) 

1  0539 

H  (  2  4  f  ) 

1  2708 

1185(17) 

2566(30) 

1  803 

4175 

1674 

3781 

2979 

1  800 

2433 

2528 

406  1 

2315 

4262 

3720 

4726 

3316 

4732 

4285 

5703 ( 1 6 ) 

2664(26) 

484 

1  049 

1  89 

873 

757 

-22 

651  0 

2192 

6755 

3427 

6696 

3376 

1  3  5  7 (  1  7) 

75(28) 

2287 

708 

1  999 

21  9 

2737 

-2666 

2373 

-1687 

3852 

-3004 

4318 

-1396 

4430 

-2741 

4779 

-1952 

5150(18) 

-4187(25) 

394 

-977 

41 

-787 

271 

-2133 

6534 

-4249 

6056 

-5170 

6053 

-5139 

56 

54 

54 

45 

45 

47 

47 
58 

58 
54 
77 
77 

77 
76 
76 
76 
61 

59 

59 

48 
48 
48 
48 
58 
58 

60 

78 
78 
78 
78 
78 
78 


a4  1 


■I--  ■>'  .  A*.  h'mII  -..•f-.  A  -  j 


y  uwvw ginnro  btpw y  y  *?*  *.]i 


TABLE  in  Aten 


:cordir.ates  (xio- 


r 


pV 

% 


atom 

C(l) 

0(2) 

C(3) 

0(4) 

0(5) 

N(6) 

0(7) 

0(3) 

.V(9) 

0(10) 

N(6a) 

0(6a) 

0(6b) 

M(9a) 

OCSa) 

0(9b) 


X/a 
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164( 10) 
09(3) 
3o59( 11) 
2085(9) 
1568(9 ) 
510(7) 
1964(11) 
2906(11) 
4132(7) 
2738(9) 
*1373(8) 
■3023(7) 
■2639( 8) 
6474(3) 
7321(7) 
7564(3) 


y/b 

2834(11) 

3174(3) 

2927(11) 

2447( q ) 

49(9) 

-422(7) 

-64(9) 

2350(10) 

3663(7) 

4127(8) 

-740(7) 

-790(7) 

-1014(7) 

3855(7) 

4492(7) 

3444(7) 


;  and  temperature  factors 

Z/C  TT 


V  A  *v  *  u 


eo 


351(4) 

142(3) 

373(4) 

1683(4) 

1973(4) 

2362(3) 

3850(4) 

4210(4) 

3434(3) 

2570(4) 

2763(3) 

1931(3) 

3542(3) 

3526(4) 

2790(3) 

4303(3) 


)» 


60( 
77(2)* 
Si'' 3)  * 
44(2)* 
46(2)* 
45(2)* 
57(3)* 
58(3)* 
46(2)* 
46(2)* 
53(2)* 
66(2)* 
73(2)* 
52(2)* 
64(2)* 
74(2)* 


Equi 
trace  of 


valent 


.t  isotropic  U  defined 
tne  orthcgonalised 


as  one  third  of  the 
tenser 


TABLE  2n  Bond  lengths  (A) 


C(i) 

0(2) 

0(4)- 

C(5)- 

N(6)- 

C(3)- 

N(9)- 

N(6a) 

N(9a) 


0(2) 

0(3) 

0(5) 

N(6) 

N(oa) 

N(  9) 

N  ( 9a ) 

-0(ob) 

-0(96) 


1.433(3) 
1.457(3) 
1.542(8) 
1.463(7) 
1 .369(7) 

1.-61 (7) 
1.367(7) 

1.242(7) 

1.226(7) 


0(1) -C (4) 

C  ( 3 ) -C ( 4 ) 

0 ( 4 ) -C ( 1 0 ) 

N ( 6 ) -C ( 7 ) 

C ( 7 ) -0 ( 3 ) 
N(9)-C(10) 
N( ca)-O(ca) 
N(9a)-0(9a) 


-.561(3) 

1*556(8) 

1.509(7) 

1.445(6) 

1.511(3) 

1.454(7) 

1.215(6) 

1.227(7) 


‘ABLE  3n  Bend  angles  (deg.) 


f  ' 

a . 
n  /  '■  ' 


r  ( 1 


■C(  1)-C(  4) 

92.3(5) 

0(3) -C ( 4 

91.6(5) 

0  ( 4 ) -0 ( 5 ) 

lip  . 2 ( 4 ) 

0 ( 4 ) -0 ( 1C ) 

112.2(5; 

C ( 4 ) -0 ( 1 0 ) 

rr  /  r  \  ^  ^  \ 

114.0(4) 

n  .  1  '  ,  •  -■  \  ^  - 

^  \  \  U  V 

\  —  J  ~  V  V  **  )  — '  .  t. 


0(7 )-N(6)  -N ( 6a 
C ( 7 ) -C ( 3 ) -N ( 9 ' 

C  ( S )  -M  (  9 }  -I-i  (  9a ) 
0(4) -C (10) -N ( 9 ) 
N(6)-M(6a)-0(  6  a) 
'US;  — ( 9a  >  —c (  }a ) 
0  ( 9a )  —  M  { 9a  .1  —  c  1  jt 


iV.* 

C 

I 


prj 

.  . . 


121.7(4) 

119-0(5) 
110.6(5) 
117 -5(5) 
117-3(5) 
116.0(4) 
116.3(5) 


C{ 


N  ( 

f 

\ 

0( 

:i( 

of 


125  • 


6(5) 


3 )  -C  (  4 )  -C  ( 5 ) 

3 ) -0 ( 4) -C ( 10) 

а )  -0  ( 5 )  -N  f  6 ) 
5)-N( 5)-N(6a) 

б )  -C ( 7 ) -C ( 3 ) 

3 ) -N ■  9 ) -0 ( 1 0 ) 
10)-jl(9)-t'i(aa) 

6  )-.*•/(  6a  )-0(  6a) 
6a) -N ( 6a) -Of  6d ) 
9)-N(9a)-0(3b) ’ 


■'-‘-.-"O-l'y'.1 


r.-.  \  •  .  ■ 

>.v 


a^2 


-*f-* 


92.21 41 

33.3(4) 
111.1.; 

117. 2( 
114. 7( 
117. 8( 
111-3C 
120. 7 ( 
113. 8( 
113 . 1( 

*  ^  ~  *  £  \ 


'  'iV-  v\- 

^  1  !*  *  '  »  w  ,  %.  1  V  ’'n  V 


ui'mji  i-  i-\ji  r- vji 


TABLE  4n  Anisotropic  temperature  factors  (A  x 1 0  ) 


atom 

uii 

U22 

U33 

U23 

U13 

U12 

C(l) 

46(4) 

77(4) 

61(4) 

27(3) 

6(3) 

25(4) 

0(2) 

81(3) 

111(4) 

54(2) 

36(2) 

22(2) 

46(3) 

C(3) 

48(4) 

81(4) 

61(4) 

27(3) 

24(3) 

21(4) 

C(4) 

31(3) 

55(3) 

48(3) 

22(3) 

8(3) 

14(3) 

C(5) 

37(3) 

54(3) 

51(3) 

9(3) 

14(3) 

17(3) 

N(6) 

32(2) 

47(3) 

51(3) 

10(2) 

9(2) 

7(2) 

C  (7) 

56(4) 

59(4) 

60(4) 

22(3) 

20(3) 

19(3) 

CCS) 

50(4) 

75(4) 

49(3) 

11(3) 

9(3) 

19(3) 

N(9) 

27(2) 

50(3) 

59(3) 

7(2) 

8(2) 

9(2) 

C(iO) 

29(3) 

43(3) 

68(3) 

16(3) 

10(3) 

12(3) 

N(6a) 

44(3) 

42(3) 

71(3) 

5(2) 

18(3) 

9(2) 

0(6a) 

36(2) 

78(3) 

83(3) 

15(2) 

10(2) 

18(2) 

0(6b) 

66(3) 

67(3) 

92(3) 

9(2) 

51(3) 

12(2) 

N(9a) 

36(3) 

45(3) 

73(3) 

-4(3) 

2(3) 

15(2) 

0(9a) 

40(2) 

69(3) 

91(3) 

14(2) 

25(2) 

22(2) 

0(9b) 

54(3) 

81(3) 

84(3) 

2(2) 

-14(2) 

32(3) 

The  anisotropic  temperature  factor  exponent  takes  the  form: 

-2tt  2(h2a*2U  +k2b*2U  +  ...  +2hka»b*U,, ) 

11  22  12 


TA3LE  5n  Hydrogen  coordinates  (xlO4)  and  temperature  factors  (A2xl03) 


atom 

X/a 

y/b 

Z/c 

U 

H(  la) 

-279 

4099 

998 

65 

H(lb) 

-1245 

1569 

671 

65 

H(3a) 

4168 

1717 

707 

66 

H(3b) 

5017 

4243 

1034 

66 

H(5a) 

3042 

-267 

2085 

49 

H(5b) 

483 

-902 

1423 

49 

H(7a) 

1010 

-867 

4299 

61 

H(7b) 

3282 

-593 

3839 

61 

H(8a) 

4009 

2550 

4831 

62 

H(8b) 

1603 

2836 

4306 

62 

H(10a) 

1351 

4285 

2721 

49 

H(10b) 

3745 

5498 

2372 

49 

TABLE  Ip  Aten  coordinates  ( x  1 0  "* )  and  ter*ner3ture  factors  (A"xlQ') 


a  ton 

X /a  y/b 

Z  /c 

°eq 

N  ( 1 ) 

-2263(3)  1336(2) 

273(2) 

58(1)* 

N  ( 2 ) 

-2509(3)  2343(3) 

-639(2) 

56(1)* 

N  (3 ) 

-851(4)  3155(3) 

-682(3 ) 

54(1)* 

N(4  ) 

690(2)  2549(2) 

242(1  ) 

47(1)* 

C  ( 5 ) 

2961(5)  2972(3) 

729(2  ) 

55(1)* 

C{  6  ) 

3541(5)  1310(4) 

1747(2) 

53(1)* 

N(7) 

1359(3)  1089(2) 

1729(2) 

53(1  )* 

C(3  ) 

-211(3)  1579(2) 

794(2) 

42(1)* 

NO) 

1066(3)  -64(2) 

2464(2) 

57(1)* 

0(10) 

-769(3)  -645(2) 

2253(2) 

74(1)* 

0(11) 

2622(3)  -374(2) 

3224(2  ) 

79(1)* 

N(lx) 

-1045(11)  -62(9) 

1532(7  ) 

57(4) 

N(2x) 

231(11)  -745(9) 

2643(7) 

70(4) 

N(3x) 

2252(11)  -203(9) 

2903(7) 

115(12) 

N(4x) 

2267(11)  873(9) 

2066(7) 

50(3) 

C  (  5  x ) 

3343(11)  1939(9) 

1794(7) 

33(16) 

C(5x) 

2505(11)  2334(9) 

737(7) 

122(17) 

N(7x) 

353(11)  1993(9) 

515(7) 

22(4) 

C  ( 3  x) 

296(11)  913(9) 

1356(7) 

39(3) 

N(9x) 

-1403(11)  2419(9) 

-332(7) 

52(4) 

C(10x) 

-3111(11)  1723(9) 

-323(7) 

96(7) 

C(llx) 

-1085(11)  3436(9) 

-985(7) 

105(10) 

*  Equivalent  isotropic  rJ  defined 

as  one  third 

of  the 

trace 

of  the  orthcqcnal  ised 

tensor 

T3»'ci.2  2  c 

3cnd  Length  A 

7(l)-7(2) 

1.366(3) 

C( 5 ) — C( 6 ) 

1.541(1) 

7 ( 1 ) -0 ( 3 ) 

1.305(2) 

C(6)-7(7) 

l.lcoU) 

.1(2)-S(2) 

1.313(3) 

7(7) -0(8) 

1.365(2) 

3(3)-N(U) 

1.356(3) 

N(7)-N(9) 

1.357(3) 

7d)-C(5> 

l.l2l( 3 ) 

,;(q)-o(io) 

1.223(3) 

7(D-c(  3) 

iOc2;  j.> 

af(?)-c(ii) 

1.191(3) 

^  p 

3cr.d  Angles  (deg.) 

-0(3)  103.3(2) 

c(6)-'i(7  )-7(?) 

'  ^-3  of  o' 

-7(2)  112.7(2' 

o(3)-:::-)-7(9) 

12- .1(2) 

7(2) -7(3) 

-7  d)  id  .0(2) 

7(  l)-C(3  )-7d ) 

111.3(2) 

7(2)-7d) 

-C(S)  103.6(2) 

7(l)-0(8)-7(") 

111.0(2) 

7(3'-7d) 

-0(5)  135.9(2) 

7(D-C(3)-7(7) 

10". 6(2) 

C(=)-P(4) 

-0(3)  115.1(2) 

:t(  •')-7(  9)  -o(ic) 

115.3(2) 

7d)-C(5) 

-0(6;  103.0(2) 

7(T)-7(?)-0f 11) 

'1  i  ^  r\  f  0  \ 

C(5)-C(e) 

-7(7)  101. "(2) 

0(10  )  -7(  9 )  —0  (  -1 

'  0 ( 0 ) 

c(6)-7(~) 

-0(3)  111.9(2) 

TABLE  4p  Anisotropic  temperature  factors  (A2xl03) 


atom 

U11 

U22 

U23 

U23 

U13 

°12 

N  ( 1 ) 

40(1) 

65(1) 

66(1) 

-9(1  ) 

2(1) 

-1(1) 

N(2) 

46(1) 

86(1) 

56(1) 

-11(1) 

-10(1) 

14(1) 

N  (3  ) 

56(1) 

8U(  2 ) 

50(1) 

8(1) 

-0(1) 

16(1) 

N (4  ) 

42(1) 

51(1) 

45(1) 

3(1) 

7(1) 

2(1) 

C  ( 5 ) 

36(1) 

68(2) 

61(2) 

10(1) 

11(1) 

1(1) 

C(6) 

38(1) 

62(2) 

54(2) 

2(1) 

1(1) 

0(1) 

N  (7  ) 

44(1) 

56(1) 

57(1) 

14(1) 

4(1  ) 

-4(1) 

C  ( 3  ) 

40(1) 

42(1) 

43(1) 

-2(1) 

8(1) 

1(1) 

N  (9  ) 

70(1) 

50(1) 

53(1) 

2(1) 

18(1) 

4(1) 

0(10) 

83(1) 

67(1) 

75(1) 

5(1) 

26(1) 

-22(1) 

0(11) 

86(1) 

83(1) 

65(1) 

24(1) 

7(1) 

18(1  ) 

The  anisotropic  temperature  factor  exponent  takes  the  form: 

-2  tt2(  h2  a*2  U  ^k2  b*2U  +  ...  +2hka*b*n  ) 

11  22  12 


TABLE  5p  Hydrogen  coordinates  (xlO4)  and  temperature  factors  (A2xl0J) 


atom 

x 

y 

2 

U 

H(5a) 

3743(32) 

2745(27) 

117(15) 

70 

H  (5b) 

3222(36) 

4004(15) 

1036(19) 

70 

H  (6a) 

4508(30) 

1037(20) 

1563(20) 

62 

H  (6  b) 

4158(32) 

2237(24) 

2502(12) 

62 

H (Sax) 

4291(11) 

2591(9) 

2486(7) 

70 

H  (5bx) 

5104(11) 

1444(9) 

1560(7) 

70 

H (6ax) 

2260(11) 

3351(9) 

969(7) 

70 

H  (6bx) 

3103(11) 

2837(9) 

49(7) 

70 

a45 
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